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ABSTRACT 


The technique of antibody dependent cellular 
cytotoxicity (ADCC) was modified and standardized for 
the detection of monocyte specific antibodies. Radio- 
labelled (5lcr as sodium chromate) subpopulations of 
peripheral blood leukocytes namely T lymphocytes, B 
lymphocytes and monocytes were used as targets. A 
comparative study of the ADCC technique with two 
complement dependent cytotoxicity methods, dye exclusion 
and fluorochromasia, indicated that ADCC was significantly 
more sensitive for the detection of monocyte specific 
antibodies. Hence this method was used in further 
studies. These are the only data in HLA immunogenetics 
in which this sensitive assay has been used for antigen 
detection on pure B lymphocyte and monocyte preparations. 

Sera from renal transplant recipients (28), multi- 
parous women (7) and appre esodes Un etyie erythematosus patients 
(5) were studied for the presence of monocyte specific 
antibodies. The sera were pooled platelet absorbed and 
tested with highly enriched T, B and monocyte subpop- 
ulations. Strong monocyte specific reactivity was seen in 
2 transplant and 3 multiparous sera. These also showed 
B cell specific antibodies. Further absorptions of the 


sera with pooled B lymphocytes from appropriately 
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reactive donors or chronic lymphatic leukaemia cells 
removed B cell specific antibodies. But monocyte 
specific reactivity persisted in all the sera. Pooled 
monocyte absorption removed the reactivity completely 
in one serum tested, further confirming the monocyte 
specificity of the antibodies. 

Studies in two informative families with one 
serum indicated that the monocyte specificity 
segregated with single parental HLA haplotype. Further 
studies are required for accurate definition of the 
allelic antigen system of monocytes and its linkage 


to the major histocompatibility complex. 
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I. Introduction and Literature Review 
Avesgineroductxvon: 

Interest in the concept that the monocyte and its 
derivative macrophage play an important role in the 
initiation of the immune response has waxed and waned 
in the past decade (Nelson,1969). The macrophage first 
gained recognition in the early 1920's and 1930's as 
the cell responsible for clearing antigen (Sabin,1923). 
Its importance faded with the recognition that lymphocytes 
and plasma cells,and not macrophages produce antibody 
molecules. Recently the macrophage has become the 
centre of immunologic attention with the realization 
that the immune response to T cell dependent antigens (TD) 
requires the participation of macrophages, T lymphocytes 
and B lymphocytes (Claman and Mosier,1972; Katz and 
Benacerraf,1972; Unanue,1972; Pierce and Kapp,1976). In 
contrast T independent (TI) antigens like lipopoly- 
saccharide (LPS) (Yoshinaga et al,1972; Coutinho and 
Moller,1975; Jacobs,1975; Lemke et al,1975) and pneumo- 
coccal polysaccharide (Rowley et al,1973) do not appear 
to require the participation of macrophages or only to 
a lesser extent than TD antigens. (Chused et al,1976; 
Lee et al,1976). The macrophage is intimately involved 


in antigen presentation to T and B lymphocytes (Rosenthal 
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and Shevac, 1973; Unanue, 1972) and in initiation of 
the response it acts as a’ focal point’ for cell’ inter- 
action (Katz and Benacerraf, 1972; Taussig et al,1974,; 
Erb and Feldman” 1975;°Feldman’‘et°al1975)2" Et is also 
responsible for production of a number of mediators 
which either arated or suppress in vitro responses to 
antigens. 

It is now well understood that specific immune 
response genes play an important role in regulation of 
immunocompetent cell interactions (Katz et al,1973). 
Studies in mice show that the I region of murine H-2 
complex particularly the I-J subregion is important in 
the control of these interactions (Murphy et al,1976; 
Niederhuber, 1978). The Ia antigens of macrophages seem 
to be part of the signal for T helper cell activation by 
protein antigens (TD antigens), and recognition of Ia 
antigens of B cells seems to pn va in T-B cell co- 
operation (Kappler and Marrack, 1977). 

As the macrophage is a principal site of expression 
of immune response gene function it is important to find 
out the effects of macrophage (monocyte) associated 
antibodies in the immune response to various antigens, 


especially in the case of organ transplantation. Studies 
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in mice with heterologous antimacrophage serum (AMS) 
give some evidence for this possibility. Macrophages 
treated with AMS in vitro have widen shown to adhere 
poorly to glass, to exhibit decreased phagocytic 
activity and to be lysed in the presence of C' (Unanue, 
1968; Hirschet ae eco. Argyris and Plotkin, 1969; 
Gallily and Gornostansky, 1972). AMS treatment of mice 
has been shown to decrease resistance of mice to 
several viral and bacterial agents and to depress the 
antibody response to several antigens, (Cayeux et al, 
u96G; Hirsch ‘trad 196977 Paniyel* and-Caveux;,’ 1968; 
Zisman et al,1970). Reports on the effects of AMS on 
graft rejection have been conflicting and this has been 
attributed to poor specificity of the AMS used (Pearson 
and Osbold, 1974). Stinnet et al,(1976) characterized 
a mouse macrophage specific antigen (MSMA) in NP-40 
extracts of 1251 radiolabelled mouse peritoneal macro- 
phages using heterologous AMS. This antigen was shown to 
have a molecular wt. of 83,000 daltons and was present in 
normal and activated macrophages. 

HLA-A,B,C antigens (Kourilsky et al,1971) and Ia 
like (DR) antigens (Wernet, 1976; Stastny, 1978a; Drew 


et al,1978) have been demonstrated on human monocytes. 
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Heterologous antiserum against human macrophages (from 
a case of pancreatic carcinoma) has been raised in 
rabbits (Greaves et al,1975). After Beat Mia a 
absorptions, this serum appeared to mark a species specific 
antigen of the human monocyte-macrophage series. Recently 
there were reports suggesting the presence of alloantigens 
specific for human monocytes. (Stastny, 1977; Moraes 
andVocastuiy 197 7a nb; Stastny Gio7sbyic; Cieciarebizixetiial, 
1973). 

Stastny (1977) did parallel testing of monocytes 
and B cells from 40 normal donors with 7th Histocompatibi- 
lity Workshop anti-Ia and local sera, using standard B 
cell cytotoxicity technique. Although most reactions 
were concordant (M+Bt+), extra reactions with monocytes 
(M+B-) were observed in 39 of the 180 7W sera. Extra 
reactions with B cells were rare. Some 2x2 correlations of 
the reactions with monocytes generated a number of 
clusters which were not observed in B cell reactions. 
They were reproducible and showed correlations with local 
sera known to contain monocyte antibodies and none of 
them appeared to correspond to Ia groups detected in the 
same cells. They also found that monocytes isolated 


from cord blood reacted in parallel with endothelial cells 
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from umbilical cord veins of the same donors (Moraes 
and Stastny, 1977a,b). Anti-endothelial sera absorbed 
bypmonocyteselost; cytotoxicity for endothelial cells, 
suggesting that endothelial antigens are also expressed 
on the surface of monocytes. By antigen re-distribution 
experiments they showed that vascular endothelial 
antigens are distinct from HLA antigens. They named them 
endothelial-monocyte (E-M) antigens. The presence of 
additional antigenic structures on endothelial cells had 
been demonstrated earlier in mixed lymphocyte endothelial 
culture and inhibition studies (Hirschberg et al,1974, 
1975). The importance of vascular endothelium in kidney 
allograft rejection has been reported in animals and in 
man (Porter et al,1963, 1964; Kincaid-Smith, 1964; Vetto 
pmcebUurger jim LneMoracs sand wotastny 1975, 1976, 19/7 /a,b; 
Himechbengrand Dinoersbynpel975;,°Cerilli.et al,1977,) . 
Stastny,(1978) reported that pre-treatment of mono- 
cytes and endothelial cells with anti-human B2-micro- 
globulin made these cells resistant to lysis by E-M anti- 
bodies. He claims that E-M antigens are associated with 
B2-microglobulin on the cell surface unlike Ia antigens. 
It is also claimed that most but not all monocyte 


specific reactions segregate in linkage with HLA haplotypes 
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Drew et al, (1978) from Terasaki's laboratory 
reported preferential lysis of monocytes compared to B 
lymphocytes by kidney recipient sera and attributed this 
to monocyte specific antibodies as a result of high degree 
of immunization by repeated blood transfusions and organ 
transplantation. Cicciarelli et al,(1978) reported the 
use of fowl anti-B cell serum to block DR antigens in 
the method for detecting monocyte specific antibodies. 
This is possible as the avian gamma globulin does not 
combine with mammalian complement. 

Since these studies indicated the presence of allo- 
antigens specific for monocytes our aim was to demonstrate 
these antigens using multiparous and post transplant sera 
and to evaluate their possible role in organ transplant- 
ation. Though DR antigens are well characterized by 
cluster analysis which bonnes nond quite closely and sig- 
nificantly to D locus antigens, most DR antisera showed 
specificity broader than the D locus specificity (Bodmer 
et al,1976). Since B lymphocyte enriched populations pre- 
pared by standard techniques contained a variable number 
of monocytes, these extra reactions might have been 


directed against alloantigens specific for monocytes 
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contaminating the preparation or due to an antigen 


moiety shared by many DR antigens: a public specificity. 
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B. The Major Histocompatibility Complex (MHC). 


In all vertebrates studied thus far, the MHC has 
been described as a genetic system of closely linked 
genes (Dupont et al,1976). In the man the MHC is known 
as HLA and this encompasses a short segment of 
chromosome 6. This genetic region includes many loci 
controlling cell surface determinants immune response 
differences, some components of the complement system 
and perhaps other related functions (W.H.O. Terminology 
Committee,1975). 

1) The HLA-A,B,C antigens. 
These loci with multiple alleles code for the HLA-A,B,C 
antigens detectable by serological methods on all 
nucleated cells (Wernet,1976). These loci of HLA are 
located so close together on chromosome 6 that HLA haplo- 
types are generally transmitted from generation to 
generation without change. Antigens of HLA-loci show 
genetic linkage disequilibrium which means that some alleles 
of two loci can be found together on the same haplotype 
with a much higher (or lower) frequency than expected 
from the product of the two individual gene frequencies 
in the population (McDevitt and Bodmer,1974). 

Antigens of the HLA-loci show serological cross 


reactivity. As in the H-2 system of mouse, this 
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phenomenon has been explained on the basis of private 
(narrow) and public (broad) specificities (Ceppellini, 
1971; van Rood, 1973). This may be due to the presence 
of common determinant parts between allelic products of 
one locus and each allele having individual or unique 
antigenic determinants (Dupont et al, 1976) . 

The HLA-A,B,C antigens consist of two polypeptide 
chains (Cresswell et al,1973; Peterson et al 1974; Cullen 
et al,1974). A larger chain, a glycopeptide with 
30,000 molecular wt. and a smaller chain which appears to 
be identical with B2-microglobulin. 

The most commonly used technigue for detection of 
HLA-A,B,C antigens is complement dependent cytotoxicity 
UMeCcaieeet «aly LIbu) 

2) HLA-D locus. 
When lymphocytes from two genetically different individuals 
are co-cultured in vitro a blastogenic response with cell 
proliferation occurs (Bain et al,1964, Bach and 
Hirschhorn, 1964). The cell proliferation is measured by 
the extent of incorporation of radioactive thymidine into 
DNA on the 6th culture day. The response of each lympho- 
cyte population is studied separately by doing one-way 
or unidirectional MLC (UMLC) cultures in which stimulating 


cells are treated with mitomycin C or irradiated. This 
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inhibits cell proliferation without interferring with 
their stimulating Bee ee Cells that respond to MLC 
are mainly T cells, being stimulated principally by 

B cells (Lohrmann et al,1974). 

In man HLA identical siblings are usually non- 
stimulatory in MLC (Amos and Bach,1968). However, most 
HLA identical unrelated individuals do stimulate each 
other in MLC (Mempel et al,1973). MLC experiments in 
families with recombination showed that MLC interaction 
is caused by disparity at another locus closely linked 
to the B locus of HLA (Ceppellini and van Rood,1974; 
Thorsby, 1974). This locus has been designated as HLA- 
D at the Histocompatibility Conference 1975. HLA-D 
determinants have a more restricted distribution compared 
to HLA-A,B,C antigens. They are strongly expressed on 
B cells and monocytes but not detectable on T cells by 
conventionai methods. HLA-D determinants are present 
also on spermatozoa (Halim and Festenstein, 1975), epi- 
dermal cells and endothelial cells, but are absent from 
fibroblasts and platelets (Thorsby et al,1977). There is 
some evidence for a second MLC locus close to the HLA-A 
locus. Disparity at this locus is associated with a 
weaker MLC response than disparity at HLA-D. 


On the basis of observed recombinants the map order 
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of the four well defined HLA-loci seems to be HLA-D, 
HLA-B, HLA-C, and HLA-A. (see Appendix A) 

a) Homozygous cell typing. 
Following the inital suggestion of Mempel et al,(1973) 
identification of HLA-D determinants by means of stim- 
ulating lymphocytes from donors homozygous at HLA-D has 
become a widely used method. No response or a weak 
response by responding lymphocytes indicates that they 
have that HLA-D determinant which is homozygous on the 
stimulating cells. A strong response indicates HLA-D 
disparity. By this method and an international cell ex- 
change eleven HLA-D determinants have been identified 
(noOreDyscleadiy 19/7)... Leas OLten dirracukt to obtain 
enough homozygous cells for each specificity and repro- 
ducibility of the typing is still imperfect thus two 
different typing cells or repeated investigations are 
usually necessary for get OS a of each Dw determinant. 

b) Primed lymphocyte typing (PLT). 
This method derives from the original observations of 
Anderson and Hayry (1973) in the mouse that responding 
lymphocytes which have been first primed in vitro ina 
primary MLC, respond with accelerated kinetics and 
increased magnitude when pee eee with the same 


stimulating cells in a secondary MLC or with other cells 
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sharing their HLA-D determinants (Thorsby et al1,1977; 
Bach et al,1977). This method requires much shorter 
culturing time for typing (24-48 hours) and priming 
need not be done by HLA-D homozygous cells. The homo- 
zygous cell typing and PLT method supplement each other, 
but technical improvements are highly desirable. 
3) DR antigens (Ia-like). 

In allograft survival it is now recognized that matching 
of the HLA-D antigens by MLC,gives greater success than 
that obtained from HLA-A,B,C matching. The time required 
to do HLA-D typing is a handicap and it is not yet 
possible to use this method in cadaver kidney transplant- 
ation. Hence development of less time consuming (sero- 
logic) methods became a necessity (van Leeuwen et al,1973; 
Kovithavongs et al,1974b). 

In mice the I region of H-2 was shown to contain 
genes controlling a new set of alloantigens detectable 
by serological techniques on B cells;the Ia (I region 
associated) antigens (David et al,1973; Hauptfeld et al, 
1973; Sachs and Cone, 1973; Hammerling et al,1974). 
Rapid progress has been made in this field because of the 
availability of inbred strains of mice. These antigens 
were shown to be identical or very closely associated 


with MLC activating determinants (Lozner et al 1974; 
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Meo et al1,1975). 

Following the observation of Ceppellini et al 
(1971) of MLC inhibition by certain HLA antisera van 
Leeuwen et al,(1973) from van Rood's laboratory, 
reported on sera containing antibodies possibly directed 
against MLC determinants. An unrelated stimulator cell 
was used which was SD identical to the responder in the 
procedure of MLC inhibition. Inhibition was explained 
as due to an interaction of antibody with the MLC 
determinant of the stimulator cell. Fluorescent antibody 
techniques showed there was reaction only with about 
15-25% of lymphocytes, later proved to be B lymphocytes. 
Following this observation many laboratories confirmed 
that HLA antisera from multiparous women,or multiply 
transfused individuals, contain antibodies that recognize 
alloantigens present on B lymphocytes, which are 
apparently absent from most T lymphocytes and platelets 
(Wernet et al 1975; Mann et al 1975; van Rood,’ 1976; 
Thompson et al,1976). A collaborative effort using B 
and T lymphocytes from peripheral blood, B cell populations 
from chronic lymphatic leukaemia (CLL) patients and 
established B cell lines led to the serological indenti- 
fication of a B cell specific alloantigen system. 


Segregation studies in informative families showed 
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association to HLA-D locus determinants (Bodmer et al, 
1978). Because of the analogies between murine Ia 
system and human B cell alloantigens the latter are 
often referred to as "Ia-like” antigens. Ia-like antigens 
in man have been more recently designated as DR (D related) 
antigens to indicate their relation to the D locus 
(Nomenclature Committee for factors of HLA system - 
1978). Antisera can now clearly characterize 8 DRw anti- 
gens. Definition of DR antigens faced the same problem 
due to cross reactions as was seen for HLA-A,B,C antigens. 
This could be due to the presence of "private" and 
"public" specificities on the antigenic molecule (Thorsby 
et al,1978). The fact that HLA-DR antigens are clearly 
separate and different form HLA-A,B,C antigens is shown 
in re-distribution and capping experiments. B2-micro- 
Globulin woich is pare of yilA-A,B,C molecules 1s not part 
of HLA-DR antigens (Solheim et al,1975). HLA-DR antigens 
appear to be composed of two polypeptide chains with 
molecular weights of approximately 23,000 and 30,000 
(Humphreys et al,1976). 

The standard technique for DR typing is CDC by dye 
exclusion with longer incubation (Bodmer et al,1978). 
The test is done at 20°C with 1 ul serum and 2,000 ul 


separated B cells. After 1 hour incubation 5 ul rabbit 
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15 
complement is added and incubated for 2 hours. Cyto- 
toxicity is judged by the percentage of cells killed 
in a given well. As B lymphocytes carry HLA-A,B,C 
antigens on their surface it is essential that sera have 
no HLA-A,B,C antibodies. This is achieved by absorption 
with pooled platelets. As target cells, B cell enriched 
lymphocyte suspensions are often produced from peripheral 
blood lymphocytes through gradient depletion of T 
lymphocytes that form rosettes with sheep red cells. 
Monocytes, lymphoblastoid B cell lines and CLL cells (B) 
may also be used. Other techniques like immunofluorescence 
and ADCC are ocassionally used. 

HLA-DR antigens are also reported to be present on 
other cells such as epidermal cells, endothelial cells 
and spermatozoa (Wernet, 1976). They have been more 
difficult to detect on T lymphocytes. Inhibition studies 
using HLA-DR sera suggest that HLA-DR antigens may be 
present on certain subpopulations of T cells as with Ia 
antigens in mice (Albrechtsen et al 1977a; Hirschberg 
and Thorsby;. 1977)™ 

HLA-DR antigens show striking association to HLA-D 
determinants (van Rood et al 1975b, Albrechtsen et al, 
1977b). This association has been shown by antisera 


developed by planned immunization of volunteers (HLA-A,B,C 


roy t 
1 i ie a 


‘a ee he be te: 


re Py 
| 


ge i ; iat yee is ete -vialiuieie core n }, a 


e 


a 


t 
‘el 
my 


in, Sade ad ie poe awe eh | ae PRE 
Wy OR TY ek hobs Cha Ue ANG 3 ee 1. ei ; ot * 


ty iY a 
na iy ne Pi, 


wok-+e loos | ae cated avon as ate ome 


ef } ey ty rye Na ' , is so) , aia cy ; ?, “3 - san » | wes my 2: . 4+ ; nite & os ere u 


QR) eft{eo 340 bee aonld (eo 2 BLO IBsia mest Q Pere > ete F 


se } ey Beatty cert te it ie € F (ns yi, sic ‘i 


's 


r earl we hte B ae a i Bi . a ree “ue £2 ~~ ~ bi 


Pat 
ny 
ri 


¢ s “fide T RO eto traluocoghys, e: ties ved. ao dr S 


7 rt ‘ . 
rime — | 


iit as 


Gtnethe vehted ba ae eters any beast 


Hy 


a 
U 4 Ae r ‘ | +4 
Te ee ty pm ni w feria, 


| inital ! asd Wore nn i 
o fe 28 Geese civcornel ba rt anes te oe eal aay 
|‘ seed oe we sort, te ne La 


>, ia Hus8) 83 


16 


identical, LD disparate). These antisera specifically 
BnnioLLe stimulagang, capacitysgotecel lis vearrying the 

HLA-D determinant apparently recognized by the serum 
(Albrechtsen et al,1977b). Available data indicates 
that most serologically detectable antigens on B lympho- 
cytes are identical or very closely linked, both gene- 
tically and in the cell membrane, to those carrying 
HLA-D determinants (Thorsby et al,1978). 

As in the case of MLC a second locus close to 
HLA-A locus has been postulated for DR antigens (van Rood 
et al 1977, Whitsett et. al .1977). 

The I region of the murine H-2 complex determines 
genetic control of specific immune responsiveness 
(Shreffler and David, 1975; Klein 1975). Since HLA-DR 
determinants appear to be analogous to murine Ia antigens 
this genetic region may have a similar function in man. 
The striking association Ingincen Geeta HLA-D 
determinants and some diseases are in favour of this 


possibility (Thorsby et al,1978). 


4) Significance of HLA-D and HLA-DR determinants in 


rejection. 


Renal graft survival data have shown that HLA-D 
determinants are major histocompatibility antigens in man 


and hence matching for LD may be more important than 
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conventional HLA-A,B,C matching (Sachs et al,1977; 
Vehling etvalel977>"solneim etal L977). “Tnis Hhas*also 
been shown in clinical bone marrow transplantation 
(Copenhagen study group of immunodeficiencies, 1973; 
Goldman,1977). Based onmurine data it has been suggested 
that HLA-D determinants play the greatest role in 
triggering off an immune response towards allogenic 
tissue possibly through activation of helper T cells 
(Thorsby 1974; Bach et al 1976). 

Studies in mice have suggested that antibodies 
directed against Ia antigens may cause enhancement of 
H-2 disparate grafts (McKenzie and Henning, 1977; Staines 
et al,1977). The explanation given is that anti-Ia 
antibodies might inhibit sensitization of T helper cells 
(Staines et al,1977). In man a positive CDC cross match 
only with donor B cells (and not T cells) apparently is 
not associated with hyperacute rermctign of the kidney, in 
COntrast’to -a positive CDC cross match involving HLA-A, 
B,C antibodies. A clear enhancing effect of preformed 
B cell specific antibodies on graft survival has not yet 


been demonstrated (Ettenger et al,1977; Lobo et al,1977). 
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C. Human lymphocyte subpopulations. 

The study of cellular interactions involved in 
generation of immune responses has been greatly facilitated 
by recent developments in cell separation based on 
surface markers for lymphocyte subpopulations (Chess and 
Schlossman, 1977). 

Important cell surface markers include intrinsically 
bound surface Ig (Froland and Natvig, 1970; Grey et al 
LOO 1edal. et 31,1971), the receptor for sheep 
erythrocytes (E receptor) (Brain et al,1970; Coombs et 
allo sO Gave al Lo 7 Jonda Wier. al, 1972),,.neceptors 
for C' components (Bianco et al,1970) and receptors for 
Fe fragment of antibody molecules (Dickler and Kunkel, 
1972, Basten et al,1972). Many studies clearly indicated 
that the subset of human lymphocytes forming rosettes with 
sheep erythrocytes were T cells (Froland,1972; Jondal 
et al 1972; Wybran et al O7 2 imacontroast ,.~bunan, B 
cells like their counterparts in rodents have intrinsically 
bound surface Ig and contained the receptor for C' 
components C3b and C3d (Moller,1973). 

With respect to the Fe receptor, initial studies 
indicated that the predominant cells bearing Fc receptors 
for IgG were B cells and monocytes. Recent studies now 


indicate that a significant population of T cells have 
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19 
receptors for Fc fragment of IgG and an even larger 
percentage have receptors for the Fc fragment of IgM 
(Moretra et al 1976, 11977). In addition a third 
population of cells exists in peripheral blood called 
"null" cells (Jondal et al 1973; Greenberg et al 1973), 
which is E rosette negative, surface Ig negative but 
Fe receptor positive. These cells have been shown to be 
the predominant lymphocytes effecting ADCC (Perlmann et 
ate 1/5) Macbermott: et al 1975; iBriertet al{1975);}. The 
Fe receptor, although perhaps useful in the discrimina- 
CPOonwOr supclassces Of Teor; B yeells, is not particularly 
useful for the initial characterization of human lympho- 
cytes into T or B subpopulations. 

These cell surface markers have permitted 
development of methods for isolation of distinct receptor 
bearing lymphocytes. Despite the usefulness of 
conventional cell surface Lever e separation methods are 
still relatively crude and a number of technical factors 
account) £Or Variation in results of quantitation. = Table 
1 summarises present state of knowledge of membrane 


structures on human PBL. 
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D. Monocytes. 


Monocytes are derived from bone marrow precursors. 
They leave the circulation randomly and enter various 
tissues to become macrophages (Nelson,1969). 
Transformation occurs without mitotic division (Bennet 
and Cohn,1966), nor do they undergo replication in 
blood under normal: conditions. Replication occurs, 
however, in inflammed subcutaneous tissues (Ryan and 
Spector, 1970). 

1) Identification of monocytes. 

Several techniques have been described for the quantita- 
tion of monocytes in mononuclear blood leukocyte 
preparations. Most methods use cytochemical staining 
based on the activity of such lysosomal enzymes as 
peroxidases, esterases and lysozyme (Briggs et al 1966; 
Yam et al,1971). Other methods are based on phagocytosis 
of particles which can be jare parities by Light or electron 
microscopy (Bennet and Cohn, 1966; Zucker-Franklin D., 
1974). The most widely used staining methods are 
Acridine orange (Euchrysine) staining (Young and Smith, 
1963; Allison, 1976) and non-specific esterase staining 
(Koski er al 1976). in iiving cells, acridine orange 
is concentrated in lysosomes which fluoresce orange red 


because of molecular stacking of the dye molecules bound 
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to a specific glycolipid constituent of lysosomes. 
Lower concentrations of dye molecules accumulate in the 
nucleus which fluoresces green. The most intense 
lysosomal fluorescence is observed in mononuclear phago- 
cytes. 

2) Isolation of peripheral blood monocytes. 
The method most commonly used for separation of monocytes 
takes advantage of the adhereing properties of monocytes 
(Rabinowitz,1964; Bennet and Cohn,1966; Broderson and 
Burns ,1973; Ackerman and Douglas,1978), which enable them 
to stick to glass or plastic surfaces. Lymphocytes are 
not adherent. Adherent cells are usually recovered by 
gentle scraping with a rubber policeman (Broderson and 
Burns ,1973). Koller et al,(1973) showed that this method 
could yield monocyte preparations of high purity provided 
that a high concentration of autologous or pooled AB 
sera were included in the suspending medium. In the 
absence of serum there was a great deal of contamination 
by B and T lymphocytes. Recently Sanderson et al, (1976, 
1977) described a counterflow centrifugation method. In 
a Beckman J21B centrifuge equipped with the Elutriator 
rotor and a specially designed separation chamber cells 
having different physical properties (size, shape and 


density) equilibriate at different radii and are removed 
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increasing the pump rate. Though this 
reported to give highly purified 
monocytes counterflow centrifugation is 


available. 
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E. Antibody dependent cellular cytotoxicity (ADCC). 

Cytotoxic activity against antibody coated 
target cells by non-immune lymphocytes was first 
described by Moller,(1965) and has since been widely 
studied elsewhere (Reviewed by McLennan, 1972; Perlmann 
eG jal, 9723. Cerottini andseprunner 0974) aetThis 
Phenomenon has been referred to by different names 
(Wunderlich et al,1971; Trinchieri et al,1973; Kovithavongs 
and Dossetor, 1973), the most widely accepted one being 
antibody dependent cellular cytotoxicity (ADCC) 
introduced by Fahey and associates (Zighelboim et al, 
1973). <This.form of cytotoxicity iis’ independent: of 
complement (Perlmann and Holm, 1969; McLennan and Loewi, 
1968) and requires predominantly IgG antibodies with 
intact Fe region (Perlmann, 1970; McLennan et al,1970), 
though IgM antibody has recently been reported to 
mediate ADCC (Fuson et aili197e)). The effector cell 
involved in ADCC has been characterized as having Fc 
receptors. Interaction of the Fc portion of IgG with the 
Fe receptor on the effector cell triggers lysis of the 
target cell (Fakri and Hobbs, 1972; Moller and Svehag, 
1972). F(ab) 9 fragments when used to sensitize the 
target do not mediate ADCC (Larsson and Perlmann 1972, 


Moller and Svehag 1972; Gelfand et al 1972; Hallberg 1974, 
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McLennan et al 1974, Michaelsen et al 1975). 

The target cell employed in ADCC is of critical 
importance in determining which effector cell(s) is 
required (Kovithavongs et al,1975, Nelson et al,1976). 
Cells of the monocyte macrophage system and polymorpho 
nuclear leukocytes are capable of lysing antibody 
coated erythroid targets, whereas non-erythroid targets 
are resistent to their cytotoxic potential. Non- 
erythroid targets are killed in ADCC by cells of the 
lymphocyte series (Kovithavongs et al,1975, Nelsen et al, 
1976). This subpopulation of lymphocytes has now been 
further characterized and the majority of evidence suggests 
that they lack the markers for B or T lymphocytes. Hence 
an operational term, K cell, has been widely accepted 
to indicate the effector cell. Other less popular terms 
such as UL cells (undefined lymphocyte like cells) and 
"null" cells have also been ised (Greenberg ecraleLy fs; 
Wistorreandeh FOLend meno vo; abr tereer at Loose Nelsen (ec 
Gi o/O; RAMS laWe dnd eParrsi, - Lose LCK Ler E976)". 

K cells in human peripheral blood are non-phagocytic 
and non-adherent and do not have surface Ig. K cells 
do not form stable E rosettes with sheep erythrocytes 
(Spiegelberg et al,1976). More recently West et al, (1978) 


reported that majority of human K cells formed low 


4 A 
{3502 
ait nt 
nad " ‘| 
# » 
¥ 
a i 
* Ke 
bt 
+ & 
ay ost 
" a ak 
oe a ‘ 
o 
» & 
i . at 4 
a 
| : j r ot 
a hat ade 
vi 


CORAL 5h 
‘ seieeunies 61 


, ra} ae in p 
Eee ian 


SONGL. KE aye ae 4 
d ! ‘ Lana if 
4 r | ch) |e li ft ceili lla d 
eer a 
yy =) 7 oi v Leah 4 r Povey ny far fy! £ E igax te 
i . C] Ry . 
ee ee cee “eee: 


exw ) Peay | peel OA 8 lista et 
Plo Cre en 

te " hs i os "| ‘ 1, "elon - t me 4 ti i> ty ae 

[ 3 oe! s (2° 2D “sis as Rowton 


Pe, 


ta Rhy ae ei cara ace | 


wi poi tees eke" 


a - 
is teas sell ¢ 


t fiy 
or? 


| ei ot e- aoe) 


hh eo | 7 


my 


Zeal Jor tH ou ar LO tad S 4 eit S 


TS 2 
"sh 


nucle 


nus en TT 


as - 


. wi 
at ane 


: -_ ny 


affinity E rosettes indicating a thymic origin. 
Studies in mice and in man using CDC and ADCC methods 
have further shown that K cells do not possess Ia 
antigens on their surface (Nelsen et al,1977a, 1977b; 
Kovithavongs et al,1978b). 

ADCC is frequently performed by incubating effector 
cells from non-immune donors with antiserum directed 
against appropriate target cells. It has several 
advantages over the more commonly used cytotoxic assays 
such as complement dependent cytotoxicity (CDC). Radio- 
active sodium chromate, following diffusion through 
the cell membrane is retained in the cytoplasm for a 
relatively long period of time. Thus chromium release 
from a labelled target cell into the supernatant fluid 
does not occur unless the cell membrane is sufficiently 
damaged to allow the efflux of intracellular molecules. 
Release of °lcr following membranolysis from labelled 
target cells can be quantitated accurately in a radio- 
immuno assay system in ADCC. It has been clearly 
shown that the released material is not subsequently 
reincorporated by undamaged targets (Brunner et al,1976). 
In contrast dye exclusion or fluorescein staining of 
viable cells, when used as end point indicator in CDC, 


is subject to errors of visual assessment. Being 
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complement independent, problems relating to potency of 
different batches of C' are also avoided in ADCC test. 

Furthermore, ADCC is significantly more sensitive 
than CDC in that it requires only a very small amount 
of antibody.(Even as low as 1:10’ dilution of antiserum 
against erythroid targets, Moller and Svehag,1972, 
Cerottini and Brunner,1974). This extraordinary 
sensitivity of the ADCC system has been especially 
useful in detection of antibodies against cell surface 
antigens. 

Monocytes are known to have HLA-A,B,C and DR 
antigens. Hence identification of monocyte specific 
antibodies requires the removal of HLA-A,B,C and DR 
antibodies from test sera. These absorptions are 
unavoidably followed by significant dilution of test 
serum. Consequently monocyte specific antibodies have 


been only infrequently detected using less sensitive 


methods such as CDC (Cicciarelli et al,1978). For these 


reasons we have elected to use ADCC for detection and 
quantitation of monocyte specific antibodies in test 


sera of transplant patients and multiparous women. 
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Pian oLfonwhi cance: off broadly reactive. sera .to 


peripheral blood leukocytes. 


In developing serologic methods for identification 
of surface antigens on peripheral blood leukocytes 
emphasis has rightly been placed on more "narrowly" 
reacting sera. The terms "broad" and "narrow" refer to 
serum reactivity to varying proportionsof a randomly 
selected panel of different individuals' cells; "broad" 
would be descriptive of a serum reacting with, say, 

33% to 100% of the panel cells, "narrow" could be a 
serum with as low a reactivity as 1% of a panel provided 
that this reaction was strong and reproducible. With 
narrowly reactive lymphocytotoxic sera against PBL, and 
more recently B cells, 65 or more HLA-A,B,C and DRw 
antigens have been identified (see Appendix B) 

"Broadly" reactive sera have usually been disre- 
garded as being too polyspecific except when against a 
specificity such as HLA-A2 which is present on 50% of 
Caucasian cells. This is surprising in view of 1) van 
Rood's original demonstration of the broadly represented 
4a/4b system (now known as Bw4/Bw6) using leuko - agglut- 
inating antisera (van Rood, 1962) and 2) observations 
that broadly reactive sera may occasionally occur in 


multiparous women sensitized by no more than two paternal 
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haplotypes. The subject is complicated by the 
phenomenon of cross reactivity, often referred to as 
public specificity, probably due to presence of common 
determinant parts between allelic products of one locus. 
It is therefore reasonable to look upon sera 
with broad reactivity with the frame-work shown in Fig. l 
and it was in such sera that a search was instituted for 
monocyte specific antibodies as reported in subsequent 


sections of this thesis. 
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II. Materials and Methods 

Cytotoxicity studies were performed using cell 
targets viz T and B lymphocytes and monocytes from peri- 
pheral blood of panel and family members. The test sera 
included those from transplant patients with rejection, 
multiparous women and systemic lupus erythematosus (SLE) 
patients. Both C' dependent (CDC, FDA) and independent 
(ADCC) methods were employed. Absorption studies were 
performed with pooled platelets to remove HLA-A,B,C; CLL 
cells and pooled B lymphocytes, D related (DR); and 
pooled monocytes, monocyte antibodies. 

Segregation studies of monocyte specific reactivity 


were performed in selected families. 


A. Preparation of peripheral blood leukocytes (PBL). 


Mononuclear cells from peripheral blood were prepared 
by the method of Boyum (1968) with minor modifications, 
as follows: 

Seven ml. tubes of heparinized venous blood were 
Centrifugedstor,cigniamine at. 1500 rpm (500xg).., About: 1 
ml. of buffy coat was collected from each tube and mixed 
with equal volumes of medium RPM1 1640. About 5 ml. of 
this buffy coat suspension were layered over 5 ml. of 


Ficoll-Hypaque (F-H) (Sp. Gr. 1.077) in 17 x 100 mm clear 
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Falcon plastic tubes and centrifuged at 1500 rpm (500xg) 
for 20 min. Mononuclear cells at the interface were 
collected with a Pasteur pipette and transferred into 
another plastic tube, washed three times and re-suspended 
in RPM1l. This method regularly gave more that 95% mono- 
nuclear cells of which about 15% were monocytes. 


Viability was estimated at over 98% by dye exclusion. 


B. Separation of different subpopulations of PBL. 


PBL were prepared from about 40 ml. of heparinized 
blood as described above, subjected to rosetting with 
sheep red blood cells (SRBC) followed by centrifugation 
on F-H to separate the rosetted T cells. Non-rosetted 
cells were layered ina plastic petri dish to allow 
monocytes to adhere to the plastic surface. The non- 
adherent cells formed the B-enriched population. Adherent 
cells (monocytes) were removed by scraping with a rubber 


policeman. 


1) Preparation of T lymphocytes by sheep erythrocyte 


(SRBC) rosetting technique. 


The method of Ettenger et al,(1976) was used with 
modifications. The major requirements included prepara- 
tion of neuraminidase treated SRBC, SRBC absorbed foetal 


calf serum (FCS-Abs) and hypotonic EDTA-saline. 
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a) Preparation of neuraminidase treated SRBC. 
Only SRBC collected in Alsever's solution and stored less 
than four weeks in the cold were used. Of these, 0.2 ml. 
packed SRBC were washed three times with saline and re- 
suspended in 10 ml. of RPM1-1640 with 10% foetal calf 
serum (FCS). To this 25 units of neuraminidase (from 
Cl.perfringens)were added and the mixture was incubated at 
37°C for % hour. Neuraminidase treatment enhances binding 
of SRBC to T lymphocytes. These neuraminidase treated 
SRBCs were washed three times with RPM1-1640 and re- 
suspended in RPM1-1640 at a concentration of 0.5%. 

b) Preparation of SRBC absorbed FCS (FCS-Abs). 
FCS was absorbed with SRBC for use in rosetting to remove 
naturally occurring anti-SRBC antibodies. 

For this purpose FCS was first decomplemented at 

56°C for 4 hour and mixed with SRBC at a ratio of 4:1 (20% 
suspension). The mixture was dyetoauea at room temper- 
ature for % hour followed by 4% hour in the cold. The 
tubes were spun at 2,000 rpm (800xg) for 20 min. The 
serum was separated and stored at -70°C for future use. 

c) Hypotonic EDTA-saline (Shocking solution) 
Shocking solution for lysing SRBC adhering to the T cells 
contained 0.25% EDTA in SADE Asodiurl Chloride. Neutra- 


lizing solution (hypertonic) was made of 9% NaCl, 2.5% 
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EDTA and 5% Na2HPO,. 

d) E-rosetting technique and separation of rosetted 

cells from non-rosetted cells. 

PBL prepared as described above were adjusted to concentra- 
tions of 3 x 106/ml. and mixed with an equal volume of 0.5% 
neuraminidase treated SRBC. To this, SRBC absorbed foetal 
calf serum was added to a final concentration of 10%. The 
tubes were spun at 1000 rpm for 10 min. and left at 4°C for 
1 hour. After gentle re-suspension, taking care not to 
dissociate the rosettes, a small amount was placed ona 
hemocytometer to determine the percentage of rosetted cells. 
The remaining cell suspension was immediately layered 
over cold F-H and centrifuged at 2000 rpm for 20 min. at 
4°C. Rosetted T lymphocytes and free SRBC settled to the 
bottom of the tube while non-rosetted cells containing B 
cells and monocytes remained at the interphase, the latter 
were transferred into another cee tube with a Pasteur 
PLDeT te fet cells in the pellet were recovered by hypo- 
Ponte, lLysus,.of the SRBC Borathis~punpose#lOami. of 
shocking solution was added to the pellet, mixed, and left 
for L min..-Onesml. Of neutralizing solution was then 
added and mixed, followed by centrifugation at 1500 rpm 
for 7 min. This T-enriched population was washed twice 


and re-suspended in 10 ml. of RPM1 containing 10 mM 
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Hepes buffer and 10% FCS. Purity of the preparation was 
checked by re-rosetting with SRBC. 

200 \ePreparation of B lymphocytes’. 
Non-rosetted cells from PBL were allowed to adhere on 
plastic petri dishes according to the method of Moraes and 
Stastny (1977a). About 25% of PBL remained non-rosetted. 
Approximately 7-14 x 10© non-rosetted cells were obtained 
from 40 ml. of blood. This was washed once with RPM1- 
1640 and re-suspended in 20 ml. of RPM1-1640 containing 
20% autologous plasma collected from the target cell 
donor. (Autologous plasma was inactivated at 56°C for 4 
hour? ands centrifuged at 2000 rpm for 30 min.) ‘The’'cell 
suspension was layered ina 10cm. petri dish and 
incubated at 37°C in a humid atmosphere with 5% C092 for 
about 2 hours. Non-adherent cells were removed, washed 
once by spinning at 1000 rpm (200xg) for 7 min. and re- 
suspended in 10 ml. of Seite 10 mM Hepes buffer 
and 10% FCS. These were the B-enriched cell population. 
Purity was checked by demonstration of surface Ig (S.Ig) 
by immunofluorescence. 

3. poPreparabioneor monocytes. 
The plates with adherent cells were thoroughly washed 5-6 
times with 6-8 ml. of RPM1 to ensure removal of non- 


adherent cells. Completeness of removal was checked by 
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36 
inverted phase microscope examination of the petri dish. 
Ten ml. RPM1 with 0.2% EDTA was then added and cells 
were released by gentle scraping with a sterile rubber 
policeman. The suspension was collected ina plastic 
tube washed once with RPM1 (1000 rpm for 7 min.) and re- 
Suspended in RPM1l with 10 mM Hepes buffer and 10% FCS. 
Purity of the monocyte suspension was checked by Acridine 


Orange (Euchrysine) staining. 
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1) Re-rosetting with SRBC. 


Cells suspended in RPM1-1640 0.25 ml. (3x106/m1), were 
mixed with 0.25 ml. of 0.5% neuraminidase treated SRBC. 
To this 0.5 ml. of FCS-Abs was added and the mixture 
GentrriuigcowaterOOOmnpmasoOrmeoemimn. and Lert at 4°C for 
2 hours. After gentle re-suspension the percentage of 
rosetting cells was checked. | 

2) Immunof fluorescence "ror demonstration of surface 

I ree 8 on B lymphocytes. 
The method of Lobo et al (1975) was used. 
To avoid non-specific fluorescence due to IgG that 

remain bound to Fe receptors cells were preincubated at 


37°c in serum free RPM1-1640 and washed with warm RPM1. 
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The technique was as follows: 2-5 x 106 B 
lymphocytes were incubated in 5 ml. RPM1 at 37°C for % 
hour in the presence of 5% C09. Following incubation 
about 7 ml. of warm RPM1 (37°) was added to this and the 
tubes were spun at 1500 rpm for 7 min. The supernatant 
was removed and 0.1 ml. of 1/10 dilution FITC conjugated 
polyvalent anti-human Ig was added. After mixing tubes 


were incubated at 4°C for hour, washed twice with cold 


RPM1-1640 before re-suspension in RPM1-1640 at 5 x 10©/ml1. 


concentration. Membrane immunofluorescence was examined 
using a Zeiss fluorescence microscope with an excitor 
filter BP450-490, achromatic beam splitter FT510, a 
barrier filter LP520 and a high pressure mercury illum- 
inator HBO50. (see Appendix E) 

3) Acridine orange staining. 
Acridine orange 1/100,000 (0.1 mg./10 ml.) solution was 
prepared in the Hanks balanced salt solution. A pipette 
was wet with the solution and a small amount of cell 
suspension was drawn into the pipette. Monocytes were 
recognized by the presence of bright orange staining 
granules in the cytoplasm and pale green coloured charac- 
teristic large nucleus under a fluorescence microscope. 


(see Appendix F) 


es | 


mai 
ate | 
4 5 
9 Ih 


WEN BETES biti  tgmaneeouls if tek eae Loucr 


id, \¥ Phe hb lw ’ 
fete: 3 oo ahs 


nas GNEY woke ob oud aa} 


peinin cease, - : psi sew cod ee nal 


beso op 2.98 %p atues, baa 


ie ss * 


i i rh 


Milas 7 
iw eaiwd hee me 7 +08 78 + besindtivar ti.8 


¥ 


1 YI en 


& ie ie FOV Page * .) ; a . ri vet rou mt 2 “Lie aa stom, + pn isax vt 


hh 
eu 
: 


s 
+ 
= 
3 
5 
— 
reel 
iz 

3 
at 
2 
> 

, 
SF 
3 
— 
~~ 
J 
> 
_< 
Seer - 
we 
it) 
ar 
Pi 


YiIvoseR. usogz, \ # Bees i a aac tS 


fo; La bole 14s, Se | CaCeRt, x Br cts 


— - eee 


RELOKSI* epee Ssibizae ‘ea 


bea Py 


- ites 
‘ ; ye io a2 

eoien tow fee boonal ell « ihe cB ial ae be 

a S . " : til 

Ci a : “7 ‘ 

coavomm £fseaa « bas mater (de ‘ei Haw 4a ‘ a 


be veereat aida 3 ald ‘att sina ne poten 7 tLe 


Pe oironsa. | ret i Her wot pate 2a ee om Lamy SY 
: : ea, ta03%, eat, 


Sie ih 


U y 
if nae 
: ore 
ee ied oe 
' Wem conf ; 


38 
D. C* dependent cytotoxicity by dye exclusion for B 
lymphocytes (CDC-B) . 


The standard method adopted at the Seventh Histo- 
compatibility Workshop (Bodmer et al,1978) was followed. 

Disposable microdroplet trays (Cooke Laboratory 
Products, Div. Dynatech Laboratories Inc., Alexandria, 
Virginia) with 72 wells (12x6), the bottom of each being 
optically clear, inner surface being wettable and 
exactly the size of a 10x objective field was used. 

To 1 ul of serum, approximately 2000 B cells were 
added and incubated at room temperature (20°C) for 1 
hour. Following incubation,rabbit complement (5 ul) was 
added and incubated at room temperature for 2 hours. 
Aqueous eosin (3 ul of 5%) was added to each well using 
a multiple needle dispenser. After 3-5 min., neutralized 
formaldehyde (8 ul) was added,using a multiple needle 
dispenser,and 50 x 75 mm. coverslip was overlaid. 
Reactions were read with an inverted phase contrast micro- 
scope using 10x objective on the same day or on the 
following day after leaving the trays in the refrigerator 


Overnight. 
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E. Fluorochromasia method for monocytes (FDA). 


For complement dependent cytotoxicity (CDC) using 
fluorescein diacetate as marker for live cells, the 
method of Bodmer and co-workers (1967), modified by 
Moraes and Stastny ,(1975) was used. 

Sera were dispensed in 1 ul amounts into plastic 
microtest trays (Cooke Laboratory Products) under drop- 
lets Of mineral oil and frozen for future use. 
Fluorescein diacetate (ICN Nutritional Biochemicals Div. 
International Chemical and Nuclear Corp., Cleveland, 
Ohio) was dissolved in acetone, 5 mg/ml and stored at 
-20°C. Just before use,0.1 ml. of this solution was 
diluted 1:100 with RPM1-1640 and 0.1 ml. of this working 
solution was added to each milliliter of cell suspension. 
Cells were incubated with fluorescein diacetate at room 
temperature for 15-20 min. and washed in RPM1-1640 at 
4°C and re-suspended in Hanks aie ese salt solution with 
3% bovine serum albumin. Labelled cells were then 
adjusted to a concentration of 2 x 10°/ml. and 1 ul 
(approximately 2000 cells) was added to each serum well. 
After incubation for 4% hour at room temperature rabbit 
c' (5 ul) was added to each well and incubated again for 


1 hour. The trays were refrigerated and read with a Ziess 
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microscope with FITC excitor and 530 nM barrier filter 
as soon as possible. Live cells in control preparations 
showed bright green fluorescence whereas dead cells lost 
the dye. A decrease of 50% fluorescent cells was 
considered positive. If more than 80% were killed the 


reaction was scored "strong positive". 


F. Antibody dependent cellular cytotoxicity (ADCC). 


The method for the assay was that modified and 
standardized by Kovithavongs et al,(1974a,c) in this 
laboratory. 

1) Target cells. 
Target cells were obtained from 30 panel members and 
members of six families. HLA-A,B,C typing results were 
available for all target cell donors. HLA-DR typing 
results were available for members of one family and 19 
of 30 panel members (Table 8 and Fig.25). 

Different targets were used: T lymphocytes, B 
lymphocytes and monocytes, purified B lymphocytes, 
monocytes and CLL cells. 

2-5 x 10° target cells were suspended in 10 ml. of 
RPM1 with 10 mM Hepes buffer and 10% FCS and labelled 


with 50-100 KMci of Sler as Sodium Chromate (Amersham, 
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Toronto, Ontario), overnight at 37°C in an atmosphere 
of 5% COo and 95% air. Just before performing the test 
these cells were washed three times with RPM1 containing 
2% FCS. The cells were re-suspended at a concentration 
of 1 x 10© cells/ml. in RPM1 containing 10% FCS. 

2) Test sera 
Sera from transplant patients undergoing rejection (28), 
multiparous women (7) and systemic lupus erythematosus 
patients (5) were used in this study. Sera from transplant 
patients were collected during periods of rejection and 
stored at -70°C. 

All serum samples were initially inactivated and 
absorbed by pooled platelets. Six broadly reactive sera 
were then absorbed with CLL cells. One of these six 
sera with predominant monocyte reactivity was absorbed 
with pooled monocytes as well as pooled B cells from 


panel members. 


3) Serum absorptions. 


a) With pooled platelets(PPLAB). 


Outdated platelets were obtained from the Red Cross, 
Toronto. Platelets from 75-100 individuals were pooled 
and washed four times with saline containing anti- 


microbial agents (penicillin, streptomycin, and fungisone) 
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1 volume of serum was absorbed with 1/3 volume of packed 
platelets and incubated for % hour at room temperature 
followed by *% hour at 49°C. The absorption was repeated 
3-5 times with freshly packed platelets to ensure complete 
removal of HLA-A,B,C reactivity. 

b) With chronic lymphocytic leukaemia (CLL) cells (CLLAB). 
Since the majority of CLL are of B cell type, they pro- 
-vide a source of large quantities of highly enriched 
B cells. Mononuclear cells were prepared by F-H sedimen- 
tation as described earlier. Contamination with monocytes 
and T cells was checked by Acridine orange staining and 
E-rosetting respectively. The monocyte counts were insig- 
nificant and T cells were less than 15%. In selecting 
CLL cells for absorption of a particular serum sample 
preliminary ADCC tests were performed with the CLL cells 
and the serum to be absorbed. 

One ml. of 4% diluted serum that had already been 
absorbed with pooled platelets was incubated twice with 
approximately 150 x TOCpeRiwce Wicmlor 4 5amin.satercom 
temperature. Absorption process was repeated whenever B 
cell reactivity remained detectable. 


c) With panel monocytes and _B cells. 


Mononuclear cells were prepared from 100 ml. of blood from 


On 
Pa: 
Wye Ae) 
sae ae ‘gam nid if 
ant he fet ay Ly 
. a) om, Alot i} Lig? ; MP di eri 
i a ee an ering. ee noetes ia soi 
Pa Wea te Bie il 
PC ee ae we 2 ren 
: } A 2 , oa F. : | a | ¢ P ivi paatirs | bind - Pie ar K 
RS a Ta lad bh 
i ; 7 : i ts P i 
I ; m , , 7 ' : a 
file 69 Om Lisp u B oo ane a Ye sina aed ao 
Riga Pead : a 
hapniivie Yitpad 20 ses 1 hin sup arorte 2 af te. anwee it sbive 
o R ‘ eee 
etre Deh Ol ak Been See a2 on ‘swedoutionot Bie i ton 
aa a Ae _ 
‘ at . 
} i \ Peal b LAT +: pinnae oa ‘ee nest — 
| F i t wd Degiheads anw alle 
mer Sig | , ae 
rity Or) vig@idgoed r emed 
wes vets teel ovoe Oiies| 7 Pas 
) noisqrowdte. 203 
dw inet esaw moma SA: ese 
Yet wets od) cl nits 
7) . 
‘) need YO & bee tes heres Seta lle 'y we fe onc ng 
‘ " ne . cy 4 ' . - 7 : 
a eee 2 ab. a en : 7% abe Bk DO aon baits pa: ; 
jt oO 
i es ¥ { = £ 2 
ye 
i Det 26 Meboowg cosy Oedih,  5 
7 a i 
aidatrede? hantameny (Hivasa ees 
Pape j ) ; . 7 
ai a> 8 bre i) a mae Ota | fone 
ee ar *:) a en = a 
ee Te... 7 hi 7 We 
mor hoot Wes heed halal ‘bons bye ng ata! ‘upscale ; 
. '? 1h) eee yA 7 
rs F 


43 


Heat inactivation 
ire) 
fe) 


uotydiaosq 
Id Peto 


Removal of Anti-HLA-A,B,C 


Ak B 
- ae 


ow 

om ie) 

n {10 

on rm 

RK |@ 

@}.{ [fOr 

Gis 

b-| 
Removal of anti-DR 5 Removal of anti-DR& 

anti-monocyte 

B M B M 


ee + = os 
Removal of anti-DR 


B M 
= + 


Figure 2 Procedures used for purification of test sera 
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each of 10 panel members that reacted with the serum in 
question which had been screened beforehand with many 
such members. Monocytes were then separated from non- 
adherent cells (mixture of B and T cells). Contaminating 
T cells in the non-adherent fraction do not interfere 
with B cell absorption. 

These monocytes were then pooled and aliquoted into 
two portions of approximately 40 x 10© cells each. One 
ml. of 4% diluted test serum already platelet absorbed was 
mixed with one aliquot of pooled packed monocytes and left 
at room temperature for 45 min., twice for absorption. 

The non-adherent cell fraction containing B and T 
lymphocytes were also pooled and used for absorption of 
another ml. of test serum as described for pooled monocyte 
absorption. 

Figure 2 illustrates procedures used in purification 
OLesera. 

4) Effector cells. 
Fifteen normal adults with high effector cell activity 
(ECA) in ADCC were selected as blood donors. All were 
males. Mononuclear cells were obtained by F.H. separation 
and cell count adjusted to 10 x 10© per ml. in RPM1-1640 


WerhnnlO% FCS. 
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By) PADCC Lest. 
Test serum was appropriately diluted (1/5 - 1/20) with 
RPM1; 0.025 ml. of diluted serum was pipetted into 13 x 
100 mm. glass tubes and 0.025 ml. of target cells was 
added (concentration 1 x 10°/ml.), followed by 0.1 ml. 
of effector cells already adjusted to a cell concentration 
Oneevorsx 10°/ml. Control tubes were set up with RPML 
containing 10% FCS of similar volume, but without test 
serum. 

The cell mixture was incubated at 379°C for 3 hours 
in 5% CO2 atmosphere. Following incubation cold saline 
(2 ml. at 4°C) was added and the tubes were centrifuged 
at 1500 rpm for 5 min. 49°C. The supernatant and pellet 
were separated and counted in a gamma counter? All tests 
were performed in duplicates. 

Maximum release of 5lcr was measured by adding 
0.5 ml. of haemolyte (Fisher eee Company) to 
O2025 ml. of target cells. Background Sler release was 
hie from, Che controls tubes. 

The %2lcr release was calculated from the 
following formula: 


a2 LKB-Wallace 80000 Automatic Gamma Sample Counter with 
Se 3". Crystal Size, Heticiency for -'cr 61% 
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ole release, — Com in supernatant x100 


cpm in supernatant & cpm in pellet 


%*Specific Sler release was calculated from: 


Syl 


Specific Cr release (%) = 


= experimental 5lecr release - background Sler release x100 


maximal 2lcr release - background 5lcr release 


Specific release of 210% was considered positive. 


G. Family segregation study. 


Families withat least 3 children were used to study 
segregation of monocyte specific reactivity for linkage 
With HLA haplotypes. Parents were first screened for 
monocyte specific reactivity against sera known to con- 
tain monocyte antibodies. Families with only one parent 
showing monocyte specific reactivity were then selected for 
HLA haplotype segregation by determining HLA-A,B,C and 
DR antigens. Monocyte specific reactivity was then 
identified in children to determine whether it segregated 
in linkage with one or both HLA haplotypes of the mono- 


cyte reactive parent. 
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III. Results 


A. Subpopulations of PBL. 


1) T-enriched population. 


The percentage of T cells in PBL measured in 21 normals 
by E rosetting method using neuraminidase treated SRBC 
ranged from 67-77% with a mean and S.D. of 72+5 (Table 2 
and Fig.3). The purity of cells in the isolated fraction 
of T-enriched cell population was 90-95% when examined 
by re-rosetting (Table 4). 

2) Non-rosetted cells (B+M). 
The non-rosetted cells obtained from the interphase on 
F-H after T cell rosette sedimentation ranged from 18-30% 
of total PBL (mean and S.D. 24+6) (Table 3). This pop- 
ulation (B+M) showed only 5-10% T cell contamination on 
re-rosetting. 

3) Enriched monocytes (M). 
Monocytes in non-rosetted fraction estimated by adherence 
method in 18 normal (Table 3 and Fig. 3) were 8+3% of 
total PBL. On purity checking with Acridine orange 
staining 86+6% of cells were identified as monocytes from 
the specific staining characteristics (Table 4). 
Addition Of EDTA (0.2%) to RPM1 prevented clumping of the 


monocytes in subsequent tests. 
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Table 2 Percentage of PBL forming E rosettes in normals 
No: PBLP %B-rosette™ 
ikS DMAC 70 
Zs KJOH 70 
aie TKOV Zz 
4. CFAL GL 
oe DDRE Ws 
6. MJOH 62 
ie JDOS ae 
Se SSAI Tks: 
Or SNAK TES 
103 EBRO 70 
i NSHI Wee 
1233 JSLY 82 
She LFAL 80 
14. JMUR 7S 
ISD a KBET PAS. 
Ss JSCH Chl 
NOT ie CMIL 68 
Lore VLAO 76 
173 MDAS 66 
20. JPAZ 65 
ay, VPAZ 62 
MEAN 72 
Si). ©. 


¢Rosetting done with neuraminidase treated SRBC 


Dadherent cells not removed from PBL 
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Table 3 Percentage of different subpopulations of PBL in 


normals 
No. PBL %Bs. Mt op? %MC 
ibe DMAC 20 8 6 
Dis KJOH 20 10 4 
3. MJOH she) 13 13 
An DDRE 25 13 7 
5. SNAK 18 7/ 8 6 
6. JDOS 25 13 8 
Te TKOV Sa) igh 7 
Be CFAL 20 12 6 
9. SSAI 20 10 5 
shew CMIL 37 20 8 
bite EBRO 25 10 5 
Lie JSCH 20 8 4 
ile NSHI 25 13 7 
lan DMAC 20 8 6 
15. wSby 15 6 A 
16. JPAZ 34 14 Lik 
ge LMAR 25 10 10 
Se VPAZ chil 3 15 
Oe JMUR 20 6 12 

MEAN 24 iba 8 

GaDE 6 3 3 


?R&M cells obtained by F-H gradient depletion’ of Tcells 
after E-rosetting of PBL 


bp lymphocytes obtained from B&M cells after removal of 
adherent monocytes 


SMonocytes recovered from adhered plastic surfaces 
with rubber policeman 
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PBL —>E-rosetting with SRBC 
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Figure 3 Results of separation of subpopulations 
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Table 4 Tests for purity of cell preparation 


Methods % T lymphocytes Habs Hympnocyces i 7-2amOnocytes 
Re- 

rosetting 907-95 5 +4 Z 
Surface 

tie ACER) O 2 Gia 5 
Acridine 

Orange 0 ata 84 + 6 


staining 
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4) Enriched B lymphocytes. 


The non-adherent population containing enriched B 
lymphocytes amounted to 8-14% of PBL in the 18 normals 
examined (Table 3 and Fig.3). 76+4% of these cells were 
positive for surface Ig (S.Ig) on immunofluorescence 


with FITC conjugated polyvalent anti-human Ig (Table 4). 


B. Comparison of sensitivity of different methods. 


Results of a comparative study of ADCC and two C' 
dependent methods, CDC by dye exclusion and by FDA, are 
shown in Table 5 and Fig.4. BtM targets from 19 panel 
members were tested with seven B reactive sera. Targets 
were monocytes only in FDA. All seven sera reacted in 
ADCC with panel cells, the number of reactions ranging 
from 7-16. In CDC, reactivity was seen only in the case 
of three sera, the number of reactions ranging from 
2-9. Only two sera reacted in FDA. Because of the low 
sensitivity of the CDC methods, in further experiments 


only ADCC was used. 


Co SDCC 


1) Slory labelling of target cells. 


Separation of the PBL into T, B and M subpopulations as 


targets required approximately 6 hours so the ADCC assay had 
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to be performed on the following day. Target cells 

were labelled with %lcr by Povernight incubation)-in 5% C05 
atmosphere using larger quantities of media (10 ml.) 
compared with standard 1 hour labelling in 0.1 ml. 
volumes (Kovithavongs et al 1977). Background Slor 
release from target cells in the presence of effector 
cells but no serum was 16+4.5% for T cells (71 experi- 
ments), 18+4% (130 experiments), for B cells and 

20+5% (130 experiments) for monocytes (Table 6). 

2) Sler uptake by different subpopulation of cells. 
Uptake of 5lcr varied for different subpopulations. 
Monocytes showing the highest uptake of Sler (see Table 
7) as much as three times that of T cells. 

Table 8 shows HLA-A,B,C and DRw antigens of panel 
members. 

3) Effector cells. 

The HLA-A,B,C and DR antigens of the 15 effector cell 
donors used in this study are shown in Table 9. These 
15 donors were pre-selected after prior testing for 
having satisfactory effector cell activity. 

Ale Veurcitication ofetest sera. 

Completeness of removal of HLA-A,B,C antibodies from test 
sera was tested by subsequent ADCC assay. An example is 


presented in Table 10. It was found that absorption had 
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Table 6 ADCC - background readings* 


Targets No. of %°lcr release 
experiments 


T lymphocytes 71 VG eb. 5% 
B lymphocytes teeyo) 18 + 4% 
Monocytes He) PAOW ar ae 


* Cells were labelled in 10 ml of RPMI with O.1 ml of Slory 
as sodium chromate (Amersham, England) for 18 hours. 
Background readings expressed as %5ler release from 
bargeessatcers3yhoursminecubation,at..379C,..5%9C02 
in the presence of FCS and effector cells (no test serum). 
Effector to target ratio was 40:1 
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Table 7 Comparison of Sler uptake by monocytes, B lymphocytes 
and T lymphocytes? 


Monocytes B lymphocytes T lymphocytes 
cpmb cpm cpm 
Mean 5,307 6250 4916 
Sel. e33t 3840 1240 


25 x 10© cells were labelled in 10 ml RPMI with 0.1 ml of 
Sler as sodium chromate (Amersham, England) in 37°C 
incubator with 5% C02 for 18 hours. Cells were washed and 
adjusted to 1 x 10° /m1 prior tostesting: 


Dopm, means of 12 experiments - Slory uptake by 25,000 cells 
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Table 8. HLA-A, -B, -C and DRw antigens of panel members* 


Panel members Blood HLA-A B C DRw 
group 

WAS! Aesth O 
227 ONDAS B Z cD 
35,7 0DDRE B 4 
AIDOIDOS O S ii 
5RDAGCFAL O 5 Ze 
6VLALEAL A 5 
7ESCARI0H O Ty 
SLEMeMALG 
ORO IMAOL 
LORPRKJOH O i 
ReMi OH O 6? new 
IZ ATKOV O 2 
isha VLAO B 7. 
14. JLI A Z 
LSeeE DIB O 2 
Loi LMAR O 6 
eyo CMTE 
18. JMUR A Z d 
MO eo AK B 
20. JPAZ O 3 
2A NPAZ O 3 6 
222+ VIOH 0 n/d 
ZOO OAL O - Oe 
24 .miISCH O 3 4 
Zo. TOSHne B 2 = 
VOL wouy AB 4 
27. CJAC n/d 
28. AWIL n/d n/d 
29. MLON n/d 


* Data supplied by Tissue Typing Lab, University of Alberta 
Hospital, Edmonton, Canada 
n/d - not done 
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Table 9 List of effector cell donors and their HLA-A,B,C and 
DR antigens* 


Effector cell donors** HLA-A B GC DRw 


* Data supplied by Tissue Typing Lab, University of Alberta 
Hospital, Edmonton 


**A11 showed good effector cell activity on prior testing 
n/d -—- not done 
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Table 10 ADCC results of serum RCL-PPLAB with panel T cells* 


Targets rcel-1s specific 5lcr release (% 
Lies LMAR Z 
Ze SOLE 5 
S's JMUR 3 
ale KBET -2 
5% AWIL O 
CG. ELIB -3 
Ae MDAS O 
Sis DMCA O 
oe JoCH it 
Ose CHAT O 
ele: MJOH 1 
2 are AZ 3 
3.5 SNAK S) 
Wa JDOS i 
ie TKOV 4 
16. MHIG 0 
ee MAC IT, ii 
Tere SOA L @) 
LOR KJOH -3 
20 wa DORE y 
Zi AU OH -1 
22 NW JIOH 2 
Paele Wioliy O 


* Specific release 210% was considered as positive. 
All 23 panel T cells were negative after pooled platelet 
absorption. 
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to be repeated 3-5 times for complete removal of HLA-A, 
By GrantLpoodies . 

B cell reactivity in test sera could be removed 
by two absorptions using specific CLL cells. 

Similarly, two absorptions with pooled B cells from 
10 panel members removed B reactivity in test serum. 
Absorption with pooled M from 10 donors removed monocyte 


specific as well as B cell reactivity. 


De pera used in the study: 


Preliminary screening for monocyte specific anti- 
body reactivity was performed in 40 serum samples obtained 
from,transplant patients (28), multiparous women (7), 
and patients with systemic lupus erythematosus (5) 
(Table 11). Sera from transplant patients were collected 
during episodes of rejection except in one case (details 
given in Table 12). Sera from “apt SA teeg ges women had 
been pre-selected and were known to react with panel 
targets (B+M) in ADCC and/or CDC. The sera were tested 
against different target cell subpopulations (T, B and M) 
from 30 panel members (Table 11). 

As shown in Table 11,two transplant patients' sera 


showed strong monocyte specific reactivity (specific 
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Table 11 Sera screened for monocyte specific reactivity using 
ADCC technique 


No. of sera with anti- 
monocyte activity 


Serum source No: No. of panel 
members strong weak | 


Transplant patients 28 2 7 
with rejection 

*Multiparous 7 30 5 = 
(selected) | 

SLE 5 : ~ - 
Total 40 5 7 


*Multiparous sera were known to have broad reactivity in 


ADCC and/CDC 
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release of %lcr 15-40%) in addition to B cell specific 
reactivity. One of these sera (RCL) reacted 

principally with panel monocytes (Table 13 and Fig. 5 

and 6). The other serum SGR showed both monocyte and 

B cell specific reactions with panel cells. B specific 
reactivity appeared to be predominating (Table 14 and 
Fig.7). Sera from 7 patients showed weak monocyte 
specific reactivity (specific Sler release of 8-10%) 
(Table 12) and the sera reacted with only 1-2 panel cells. 

Three multiparous sera showed strong monocyte 
Specific reactivity in addition to B cell specificity. 
All 5 SLE sera were negative for both B specificity and 
M specificity. 

Those 5 sera with strong broad reactivity (2 trans- 
plant, 3 multiparous) and another serum with known B 
reactivity (multiparous) were subjected to further 
detailed study using absorption methods with specific 
CLL cells, pooled B lymphocytes and monocytes. Relevant 
clinical and immunological data of those serum donors 
are shown in Table 15. Results of absorption studies of 
each of these serum samples are detailed below. 

ye serum RCL. 


This serum was collected from a male patient about a month 
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Table 13 ADCC results of serum RCL-PPLAB with panel cells* 


Targets Specific 51,, release (%) 
M B 
es SNAK 3 10 
Be KJOH aby) el 
See DDRE 18 14 
4. JSLY 32 PAP) 
3 NSHI BLY) LAL: 
6. VLAO us 18 
yee JLI 32 14 
os JMUR 24 8 
oe KBET LZ 7 
TO eee el oGH 28 6 
Ti. :CPAL 20 8 
12. MJOH 25 4 
L3.  JPAZ Ze A 
14. JDOS ES 4 
Lowe LROV 28 S) 
L6.. , MHEG 24 5 
Le ome. 3p 8 
18. AJOH 24. 9 
Lo ee VvJOH 28 5 
20. CJAC Ls 5 
21. DMAC 30 4 
22. LMAR a Z 
23. AWIL O 3 
24. SSHI 6 5 
Owe (isd 8 4 
26. MDAS 9 4 
Zia orbs 6 8 


Popecitic Sip releaseso£ =>10% was considered as positive. 
Both M and B reactivity against 7 panel members 

M alone against 14 

M and B negative against 6 
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Figure 5 


Serum RCL-PPLAB 
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20 
27 Seige ve7s 


Histogramsshowiang ADCC results of serumeReL 
lafterwpooledupbatelet absorption) swith 27 
panel, cellse-—aTMeand Be ..| T reactivity iwa's 
negative against all. 7 showed both M and B 
reactivity, 14 showed M alone and 6 negative 
with M and B 
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specific 5lc, release(%) from monocytes 


Figure 6 
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specific 5lc; release(%) from B cells 


Scattergram showing specific Sler release from 
27 panel monocytes and B cells by serum RCL 
(after pooled platelet absorption) 6 showed both 
M and B reactivity with specific 51lcr release of 
= 10% (interrupted lines) 14 showed reactivity 
against M alone and 6 negative with both 
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Table 14 ADCC results of serum SGR-PPLAB with panel cells* 


specific 5l release (%) 
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4. VJOH Zod. 24 
se AJOH 36 26 
i DMAC oar 16 
eS MDAS Sal dbs 
Ss VLAO Sa 18 
oi. KJOH 33 QW 
10. ~JMUR 15 18 
PaO DUS 0 dik 
eo NOL 28 14 
eae AL 16 16 
14. VPAZ 8 is) 
LD. —MJOH LS 9 
6.2 = CSAC 27 5 
ie = OoCH 12 4 
18. MHIG 29 4 
EO se) Lo 20 9 
20. MLON ES 9 
EL SSAI 5 Ui 
Ey teas Ugeleis GE 5) 1 
Zo eC AL 2 5 
24. LMAR 3 2 
Jige Pee G EG IE -l 5 
26. DDRE 3 S 
CI A Gel ouk -4 5) 
Zoe Jil 3 -2 
Zoo WOOLY . i 


Specific 51,4, release of 210% was considered as positive. 
Both M&B reactivity against 13 panel members, M alone with 6, 
B alone with 1 

M and B negative with 9 
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Serum SGR-PPLAB 
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Positive 


ssenes, Negative 


Histogram showing ADCC results of serum (SGR 
after pooled platelet absortpion) with 29 
panel cells - T,M and B. T reactivity was 


negative with all. 


13 showed both M and B 


reactivity, 1 showed reactivity with B alone 


and 6 with M alone. 


9 were negative with both. 
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after the third transplantation. The patient had 


received two previous transplants in the preceding six 
years. The first transplant was from a cadaver, the 
second from patient's father. Both allografts had been 
rejected. He had also received many blood transfusions 
during previous surgeries and while on haemodialysis. 
As a result he had developed wide spread sensitization 
against tissue antigens. 

Initial cytotoxic screening of his sera against 
panel PBL showed broad reactivity in CDC. After five 
absorpretonsawithepoolled) piatelets, HLA=A,)B;Careactivity 
was not demonstrable (see Table 10), but there remained 
broad reactivity with B and M targets in ADCC and CDC. 
The serum was then tested with enriched subpopulations 
of B and M from 27 panel members and the results are 
represented in Table 13 and Fig. 5 and 6. ADCC against 
monocytes alone observed in 14 panel members, B cells 
alone with none, and both B and M with seven. With six 
panel members there was no demonstrable reactivity 
against either B or M. 

CLL cells from two patients known to react with 
RCL serum were pooled. The serum was absorbed with 


pooled CLL cells twice and then tested by ADCC assay for 
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monocyte and B specific reactivities against 17 panel 
members (6 with M and B reactivity, 11 with M 

reactivity alone). Table 16 and Fig. 8 shows that B 

cell reactivity was removed with all except one, where 
absorption was possibly incomplete. In contrast M reacti- 
vity persisted with all 17 indicative of the presence 

of monocyte antibodies in RCL serum. 

In a different experiment RCL serum was absorbed 
twice with pooled B cells from 10 of the panel members 
with M and B reactivity (6) or M alone (4). Subsequent 
assay demonstrated complete removal of B reactivity 
from the serum whereas M reactivity persisted against all 
panel members tested (7) (Fig.8 and Table 17). This 
further supported the presence of M antibodies in RCL 
serum. 

Pooled monocytes were prepared from the same 10 
panel members used for pooled B cell absorption. RCL 
serum was then absorbed twice with pooled monocytes and 
tested for M and B specific reactivities to the seven 
panel members used in pooled B absorption study. Pooled 
monocyte absorption removed both M and B reactivity to 
all seven panel cells tested (Table 17 and Fig. 8). 


It is inferred from these experiments that: 1) both 
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Figure 8 


Serum RCL 
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Histogram showing results of absorption analysis 
of serum RCL (after pooled platelet, CLL, pooled 
B and pooled M absorption) by ADCC method. 
Pooled platelet absorbed RCL serum when tested 
with 23 panel members showed both M and B 
LeactLvyuLyeaagainse Gy, M ‘alone wrth 1livand 
negative with both in 6. CLL absorption re- 
moved B reactivity against all except one where- 
as Mereaceryity persisted with all 17.7 Similarly 
pooled B absorption removed B reactivity against 
all (7) whereas M reactivity persisted. Pooled 
M absorption removed both M and B reactivity. 
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M and B cell antibodies were present in RCL serum and 
could be removed by monocyte absorption alone, because 
monocytes bear both B (DR) and monocyte specific 
antigens; 2) pooled B cells or CLL cells removed only 
B (DR) reactivity, whereas the monocyte specific antibodies 
persisted in the serum; and 3) M reactivity appeared to 
be the predominant finding in RCL serum since ADCC against 
monocytes alone was observed in over 50% of panel 
members studied. Moreover the 2lcr release was also 
notably higher in the monocyte assays. 

2) Serum SGR. 
This serum was collected from a female patient about two 
months after transplantation during an episode of 
rejection. 

After pooled platelet absorption and removal of 
HLA-A,B,C antibodies, the serum was tested against 29 
panedtycelis. « Both MvandB reactivity was demonstrable 
against 13 panel members, M alone against 6 and B alone 
against one. In the other nine instances both M and B 
reactivity were not demonstrated (Table 14 and Fig.7). 

CLL cells from three patients reacted with the 
serum on preliminary testing, hence were pooled for sub- 


sequent absorption of the serum. The CLL absorbed serum, 
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Table 18 ADCC reactions of serum SGR-PPLAB* and CLLABP with 
panel cells 


specific 5lq; release % 


Targets PPLAB CLLAB PPLAB CLLAB 
A ASE Ne gl/Al 9) ee See. O 
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oe) NOEL M 28 L) 2) 6 + - 
B 3 5 ig) 1s) aE + 
?SGR-PPLAB - 6 panel members showed both M and B reactivity 


3 showed M alone 


© SGR-CLLAB - Complete removal of B reactivity against 4 and 


incomplete with 2 
M reactivity presisted with 4 (3 with prior M 
alone and 1 with both M and B) 
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Histogram showing absorption analysis of serum 
SGR (platelet absorbed and CLL absorbed) by 

ADCC method. Pooled platelet absorbed serum SGR 
showed both M and B reactivity against 6 and 

M alone with 3. Both M and B were negative with 
9. CLL absorption removed B reactivity against 
all (4) except 2. M reactivity persisted 
againste4 (alles with) prior mM alone and one 

with both M and B). 
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when tested against nine panel members (both M and B 
positive with 6 and M alone with 3) (Table 18 and Fig. 
9) showed complete removal of B reactivity with 4 and 
incomplete with 2. Monocyte specific reactivity 
persisted in all three instances with pure M reactivity 
and in another with prior M&B reactivity. It is again 
inferred that serum from this transplant patient had 
monocyte specific antibodies, though B reactivity appeared 
to be broader. 

3) Serum SWE. 
The serum was obtained from a multiparous woman who had 
had 10 pregnancies. The last one was two years 
previously. She had received no blood transfusions. 
Serum was collected about one year after the last baby 
was born. 

Weak T cell reactivity was initially absorbed with 
pooled platelets. Subsequently both B and M reactivity 
persisted against 13 panel members, M alone with 6 and 
B alone with one. Against 8 panel members there was no 
demonstrable M or B reactivity (table 19 and Fig. 10 and 
ie Bp 

CLL cells from one patient with strong reactivity 


with SWE serum was used for absorption. Serum was tested 
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Table 19 ADCC reactions of serum SWE-PPLAB with panel cells* 


SUSCItECi Ola, releases 


80 


Targets M B 
Pa? (OOAL 205 ili 
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Both M and B reactivity against 13 panel members 


M alone with 6 and B alone with 1 
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Figure 10 


Serum SWE-PPLAB 
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Histogram showing ADCC results of serum SWE 
(after platelet absorption) with 28 panel 
cells - T,M and B. T reactivity was negative 
with all. 13 showed both M and B reactivity, 
one showed reactivity against B alone and 6 


with M alone. 
against “8. 


Both B and M were negative 
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4 
specific 2lcr release(%) from B cells 


Scattergram showing specific 5lcr release 
from 28 panel monocytes and B cells by 
serum SWE (after platelet absorption). 13 
showed both M and B reactivity with 
specific 2lcr release of 210%. One 
showed reactivity with B alone and 6 with 
M alone. Both M and B were negative 
againscuso- 


Table 20 ADCC reactions of serum SWE-PPLAB? and CLLABP 


with panel cells 


Targets Specific Slor release (%) 
PPLAB CLLAB PPLAB CLLAB 
17 6 ey 2 LiOm ieee 
i= -LMAR M 1 if 2 -1 - - 
B ey oat 9) S 1 + ~ 
2. SNAK M SAS he 19 7).5 + + 
B 19 14 7 ih + ~ 
sy MIOH M S22 aco Fike VOR 5 + 
B LS> 10 5 5 aE = 
4. TKOV M 40 38 SPAS / AE + + 
B 22h 3 5 6 mp = 
5. SSAI M 26a Ly fi i + - 
B ce a @, -l -2 + - 
6 =e AJOH M 35 33 2) 5 + - 
B PSA aN 6 S + - 
FA SAIC) S! M See 5 3 + - 
B ie Pee) 6 7 + ~ 
8. DDRE M Pee DAT) 6 3 + ~ 
B PR i SESS! 6 it, + - 
ere M DAS PAY Lome) + - 
B 2 Ome oe 6 6 + - 
LOD ony M Zoey 20 -3 10 + - 
B 30 24 2 S + - 
1. eV GAO M Lames ay, ) + - 
B Zo, 20 14 8 + + 
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Table 20 continued 


Targets Specific Stor release (%) 
PPLAB CLLAB PPLAB CLLAB 
7 Oy Le Dy aod | Ae 
14. JLI M 26 Bee tigsih eB O72 + + 
B 8 7 Z 6 - - 
15. DMAC M ae 2 + + 
B 8 2 - - 
PO. Non. M 15 gL5 LOW P26 + + 
B 7 6 af -1 - - 
if OCH M 26 24 28 24 + + 
B 9 5 3 6 - _ 
Ls. CFAL M 8 ile i 3 + - 
B 4 O -l -l ~ - 
ASWE-PPLAB - 12 panel members had M and B reactivity 


= 5 showed M alone and one with B alone 


2sSwE-CLLAB Complete removal of B reactivity with all 
except 3 
- M reactivity persisted with 7 (4 with prior 


M alone and 3 with prior M and B) 
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Histogram showing absorption analysis of serum 
SWE (after platelet and CLL absorption) by 

ADCC method. Pooled platelet absorbed SWE 
serum when tested with 26 panel members, showed 
both M-andeb reactivity -adainst La; reactrvity 
with Bvatonesinione and M alone in 5. Both M 
and B were negative against 8. CLL absorption 
removed B reactivity against all except 3. 
Monocyte specific reactivity persisted against 
7 (4 with prior M reactivity alone and 3 with 


both M and B). 
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in 1/5 and 1/10 dilution in ADCC with 18 panel members, 
12 with M and B reactivity, 5 with M alone and one with 
B alone. Post absorption serum failed to react with 
all but three B cells. For these three cells absorption 
appeared to have been incomplete, the residual B 
reactivity being weak (Table 20 and Fig. 12). Monocyte 
specific reactivity persisted in seven instances, four 
with prior M reactivity alone and three with prior M and 
B reactivity. The latter three had much stronger M 
reactivity compared to B reactivity on prior testing. It 
is concluded that this multiparous serum contained both 
monocyte specific and B specific reactivity, perhaps 
of equal magnitude. 
4) Serum MJU. 

This multiparous serum was tested with peripheral blood 
subpopulations from 28 panel members after removal of 
HLA-A,B,C antibodies by pooled platelet absorption. There 
was B and monocyte reactivity with 13 panel members; 
monocytes alone with 7 and B alone with none. In 8 panel 
members there was no demonstrable M or B reactivity 
(Table 21 and Fig. 13 and 14). 

CLL cells from two patients which reacted with the 


serum were used for absorption. CLL absorbed serum 
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Table 21 ADCC reactions of serum MJU-PPLAB with panel cells* 


Targets Specific Slu, release (%) 
M B 
ice MJOH 30 oye 
a DMAC Balk 2k 
Ss. KJOH 25 23 
4, MHIG 18 ey 
or VPAZ 30 14 
6: TKOV 36 2 
cs AJOH 1uik re 
S. NSHI AEA 12 
5 VLAO 36 eas 
TO. 8 aLDoOS E5 14 
i. MEON 39 56 
12. MDAS gal ES 
3c COAG 16 1ak 
14. SNAK PRS) 5) 
1S ee Os Op 26 5 
los” JPAZ 19 6 
ag he JSCH LS 6 
18. VJOH LS 8 
USP ELIB 26 6 
20. LMAR 22 7 
2. woly -4 -13 
22. KBET -10 -6 
23 oe OO mz 5 
24. CMIL O 1 
oes DUORE, 5 5 
20. JMUR -l i: 
PS Seen ts) 2 HI i 3 
Zoe PAWLL -2 3 


Shopeciiic Siac ledceoe 210% was considered as positive. 
1/10 dilution of serum was used in these experiments 


13 panel members 
7 showed M alone 
M and B negative 


showed M and B reactivity 
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Figure 13 Histogram showing ADCC results of serum MJU 
(after platelet absorption) with 28 panel 
cells - T,M and B. T reactivity was negative 
with all. 13 showed both M and B reactivity; 
7 showed reactivity with M alone. M and B 
were negative against 8. 
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Figure 14 Scattergram showing specific Sler release 
from panel monocytes and B cells (28) by 
serum MJU (platelet absorbed). 13 showed 
both M and B reactivity with specific 5lcr 
release of 210% (interrupted lines). 7 
showed reactivity against M alone. Both 
M and B were negative with 8. 


vt 


, ¢ ¢* j 

~ - we ne soa ate AE osm a 'e & ee ~ ait cement | 
: 

\ 2 
¢ 
— ve a oe ee 
a ‘ bs 
a ~ - mn _ 
Bliss Gm svies 124° oltionge 


sae6ele3s WO ie mt ta erp at iwwte osipiett boa" bY 


eet (BS) eka 4 Sok caavpocnem [snag mar? | 
bewode Es aateee we ~mindeiq) vu MLSS | yin 
es a Lonel iaew vu ivijotet oO Sana M Htod | 


‘% .fsaaats Saige ree: | #00 S19 easesex . ee 
4308 -. seule BR 260 spe WsItvi2one5 bewotla °° 
«8 date svkewpen slaw alae Mi 


Table 22 ADCC reactions of serum MJU-PPLAB* and CLLAB? with 
panel cells 


Targets Specific 5lqy release (%) 
PPLAB CLLAB PPLAB CLLAB 
L/S EG 1720) 720 


Cr AL M 26 PAP 20 5 + + 
B 5 2 i 5 - - 
2. SNAK M 29 26 de? 4 + + 
B 5 5 6 5 - - 
3. DMAC M ral 7 + - 
B 28 @) + - 
4. NSHI M dik 7 -1l -1 + - 
B ak. 5 af -4 + ~ 
Ban JoCH M 2 ey: 3 5 of = 
B 1 5 -7 -8 - ~ 
6. MJOH M Ze 24 8 6 + - 
B ‘2 13 é a + - 
go TKOV M 36 35 Yi th + - 
B 2 14 i 1 + - 
8. KJOH M 30 8 ae ~- 
B 3 2 + - 
3.) JDOS M ibs 13 3 & + ~ 
B 14 14 z, iL + ~ 
10. LMAR M 22 1 + ~ 
B 7 2 ~ - 
11. MDAS M Ld 7 5 aL + ~ 
B ES =3 0 -1 + _ 
2 CU AG M 16 7 =) 2 a - 
B it 9 -1 -l + - 
¢mMJU-PPLAB - 8 panel members had M and B reactivity 
4 had M alone 
Py gJU-CLLAB - Complete removal of B reactivity with all 
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Figure 15 


Serum MJU 
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Histogram showing absorption analysis of serum 
MJU (pooled platelet absorbed and CLL absorbed) 
by ADCC method. Pooled platelet absorbed MJU 
serum when tested with 20 panel members showed 
both M and B reactivity with 8 and 4 showed 
reactivity against M alone. 8 were negative 
with both M and B. CLL absorption removed 

B reactivity against all whereas M reactivity 
persisted with 2. 
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92 
failed to react with any of the tested B cell panel, 


whereas M reactivity persisted with two (Table 22 and 
Fig.15). The 12 panel members used in repeat testing 
included 8 with M and B reactivity and 4 with M alone 
in prior testing. It is inferred that this serum 
contained both M and B specific reactivity, predominantly 
the latter. 

5) Serum G256. 
This serum from a multiparous woman was tested with B 
lymphocytes and monocytes from 20 panel members after 
pooled platelet absorption. Both M and B reactivity 
was present with 17 panel members, M alone with one and 
B alone with none. There was no demonstrable M or B 
reactivity with 2 panel members (Table 23 and Fig.16 and 
1¥7e) 

CLL cells from two patients with strong reactivity 
with this serum were used for absorption. CLL absorbed 
serum was tested with 13 panel members, all having M and 
B reactivity. CLL absorbed serum failed to react with 
all panel B cells (Table 24 and Fig.18). M reactivity 
persisted with two. This serum contained monocyte and 
B specific reactivity, but predominantly B specific 


reactivity. 
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Table 23 ADCC reactions of serum G256 B-PPLAB with panel cells* 
Targets specific 5lqa; release (%) 

M B 
ey Le ROV 42 26 
Zen oly 18 18 
3. SNAK 29 LG 
4. MJOH 16 14 
Sew OH 35 20 
6. VLAO 38 18 
tits JMUR eye as) 
Shy) Gt aa dN E 14 
9. LMAR Pank 30 
PO ord) el 21 Ze 
Li) SSAL 16 16 
2 nN SELL 26 ZA. 
ORT KEL BMS) 14 
14> CJAC 19 10 
ES Von 30 1g 
16. AJOH 32 25 
i oC 35 tak 
18. JPAZ a2 4 
Looe CrAL O 5 
20. DDRE 9 


* Specific 5la; release of 210% was considered positive. 
1/10 dilution of the serum was used in these experiments. 
17 panel members showed M and B reactivity. 

M alone with 1, M and B negative with 2. 
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Figure 16 
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specific 5ler release(%) from B cells 


Scattergram showing specific Sler release 

from 20 panel monocytes and B cells by serum 
G256 (platelet absorbed). 17 showed both M and 
BSreactivity iwithispecific Sler release of 

= 10% (interrupted lines), 1 showed reactivity 
against M alone and both M and B negative with 
are 
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Serum G256-PPLAB 
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Histogram showing ADCC results of serum G256 
(after platelet absorption) with 20 panel 
cells- T,M and B. T reactivity was negative 
Wirth call ewe shawed bochyM and sBearcactivicy, 
1 showed reactivity against M alone and both 
M and B were negative with 2. 
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Table 24 ADCC reactions of serum G256 B-PPLAB® and CLLAB? 
with panel cells 


Targets 
a2 KBET 
Zee LKOV 
Bae) UL 
4. NSHI 
BOD AL 
or eu OCH 
7. SNAK 
8. MJOH 
ee io Lay 
Oe: KIO 
11. LMAR 
2. UMUR 
35, CJAC 


26256B PPLAB 


G6 256B CLLAB 


specific 5lce;y release (%) 


PPLAB CLLAB PPLAB CCLAB 
ik Oe a 20 VAEOR 17-20 
M 36 PAT) 14 14 oa + 
B 14 eb -1 -1 + ~ 
M 42 45 5 8 + + 
B 26 23 10 3 ay = 
M 2k 14 1 5 ae - 
B 22 16 -3 -3 a = 
M 26 28 ak 4 + - 
B oe 40 4 5 “i a 
M 16 3 -1 -3 a = 
B 16 14 -6 -3 at = 
M 35 28 4 3 oF = 
B did te -1 -1 oe = 
M Sak 44 4 6 fe = 
B PAS. My 8 LO + - 
M 16 ES -1 3 oF = 
B 14 ial 3 Ji +: - 
M 18 Pall if 2 + - 
B 18 TY 6 6 an - 
M 21 16 -6 -10 1" - 
B ie 19 -1 if ae _ 
M PAA 16 re gc t - 
B 30 28 ipal gc ER = 
M aidl 33 6 SS a = 
B 16 26 1 -l a3 = 
M 19 LY: 2 = + = 
B AKG) 8 -8 -6 te = 


All 13 panel members had M and B reactivity 


Complete removal of B reactivity against all 
M reactivity persisted against two 


Cconsidered as negative 
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Histogram showing absortpion analysis of serum 
G256 (pooled platelet absorbed and CLL absorbed) 
by ADCC method. Pooled platelet absorbed serum 
G256 when tested with 15 panel members showed 
both M and B reactivity against 13 and 2 were 
negative with both M and B. CLL absorption 
removed B reactivity against all (13) whereas 

M reactivity persisted with two. 
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98 
6) Serum 5018B. 
This multiparous serum was known to have broad B 
reactivity. When the pooled platelet absorbed serum was 
tested with 19 panel members, B and M reactivity was 
present against 9 and no demonstrable B or M reactivity 
with the remaining 10 (Table 25 and Fig.19). 

CLL cells from two patients which reacted with the 
serum was used for absorption. CLL absorbed serum was 
tested with 6 panel members all reacting with M and B. 
This showed (Table 26 and Fig.20) that CLL absorption 
removed both M and B reactivity against all panel members 
tested. Therefore this serum appeared to be a B cell 
specific serum without any monocyte specific reactivity. 

Figure 21 illustrates the monocyte specific 
reactivity in 5 sera (2 transplant and 3 multiparous). 
Serum RCL shows broad monocyte specific reactivity compared 
to other sera. Monocyte specific and B cell specific 
reactions shown by the 6 broadly reactive sera are shown 
together in Fig. 22 along with the HLA-DRw antigens of 
the panel members. 

Figure 23 illustrates the removal of B cell specific 
antibodies in these 6 broadly reactive sera by CLL 


absorption and the persistent monocyte specific activity 
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Table 25 ADCC reactions of serum 5018 B-PPLAB with panel cells* 
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Targets specific 5ler release (%) 
M B 
a" SNAK 22 22 
2 KJOH pak 22 
si VPAZ 16 13 
4. MJOH 2 1B 
ae LMAR ay 19 
6. NSHI 10 14 
Wie CFAL 23 10 
oe MHIG Ab 10 
oA JPAZ 24 5 
TO SOoAL ih 1 
Pi OCH 6 S 
12. DDRE 3) 4 
Sen KOE. 5 5 
4. JSLY 2 2 
ieee TKOV 2 i 
16. JMUR ii 1 
iy. COAC -l 4 
iro.) PCMIL @) al 
oe OOH. pp O 
*eopecific SL release of 210% was considered as positive. 


1/8 dilution of serum was used in these experiments. 
B and M reactivity was present against 9 
No B or M reactivity with remianing 10 
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Serum 5018B PPLAB 
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Figure 19 Histogram showing ADCC results of serum 
5018B (platelet absorbed) with 19 panel cells - 
T,M and B. T reactivity was negative with 
all. Both M and B reactivity were present 
against 9 and both M and B were negative 
against “10. 
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Table 26 ADCC reactions of serum 5018 B-PPLAB? and CLLABP 
with panel cells. 


Targets Specific 51 r release (%) 
PPLAB CCLAB PPLAB CLLAB 
1/8. 21416 Ls ALO 


1. SNAK M 2) 24 2 -5 + ~ 
B 22 14 3 5 “0 = 
Ze | MJIOH M any) ik -1 4 + - 
B ie ie at ak + _ 
Snead OFF M 12 10 u 2) + - 
B Le 2 7) B = = 
4. LMAR M La. 9 Z 3 + - 
B 1S) 12 4 S + - 
aa NSHL M 10 4 O 2 + - 
B 14 is 3 3 + - 
6.) CFA M 23 3 -5 2 + ~ 
B 10 6 -1 il = - 
P5018 B-PPLAB - All 6 panel members showed M and B 
reactivity 
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5018 B-CLLAB - M and B reactivity removed against all 
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Serum 5018B 
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Figure 20 Histogram showing absorption analysis of 
serum 5018B (platelet absorbed and CLL 
absorbed) by ADCC method. Pooled platelet 
absorbed serum 5018B when tested with 
16 panel members 6 showed both M and B 
reactivity, none with reactivity against 
M alone and 10 negative with both M and B. 
CLL absorption removed both M and B 
reactivitytagainstealls 
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Histogram showing monocyte specific ADCC 


reactivity Of 5 broadly reactive-sera’ (2 
transplant and 3 multiparous) after CLL 
absorption. Serum RCL showed broad mono- 
cyte specific reactivity (16/22). The 
Other 40sera, sSWh 07/22), GGR (3718), 
G256 (2/18) and MJU (2/18) showed more 
restricted monocyte specific reactivity. 


103 


a ‘e a 
irs re i : 
7 iu : 7" 
- is ne 
i A ee, 
ly = : : opera 
bY i } hy i , wey ; 
| eo} oy 
iW + | 7 > ian a i 
a i 7 : a, ’ 
aoe oe i 
' P| a - 
= © o ty 
i hI S 7 , 
; - = 
Bary ie - = & 
* — ~- a x 1G 
ae ae oe | 
a ; As ' 
: 2 a 
* : 4: LE 1 i. 
. x 7; hee ‘a 
x ) ; — ee \ Foe ; ve 
~~ sale voce "a >’ 
a H 7 a 
i ae ae 
; a ey 
¢ 2 
eh) ae 
: : : ae 
# * 
pie ‘ Cad | ‘ ral 
: - , a : 
> 6 ‘ ¢ ‘ 
; ££ $58 
* 4 
i oe aaa a 
; : ; ; . < 7 
OSE) was : ‘ 
Poe . aa 
* ; 4 . ¥ a 
writhacn gy 4 fF fea Z 
4) Aiea 
ence fof ow. ‘ “ : : ; + 
; ? : ‘8 . ; 
; 
, nr 
3 L ; 
; ~b ‘S , 
i ’ = i i pe 
- : G 4» , Pre! 


9604 of) 19etm aryongen val eode 
S$) 2705 eusongs: “luocad ae cntwag 
LID rede lobasetpetpe £ bas 209 | 
-onén bead BewoHe JF mesuse cae ie ater 

| ont .fSS\a") ecavisonsy 9/2 toe ae 

ris <(OIXS) Was .tSS\e) see. Va ip 

ae ston bawere (e605) ur Oru w 
BP ehdeidatabde ne aimal e2yoonen f 


ath er mao . 


| =” 
14.d00s anh 2 i no | ° @ 


1\ 


ASVLAG riGie: 2 & a #. e & nr 8 « 


Spier tymgt>: ag satines agen 30 eng <5 


+eviz span Betedpe Meco PAB ovasticoy sows) fet: 
ates 27). A Bes ac "4 

2D, JPAP ‘| . 0 a s 5 is ee ti 
Z3:NLON n/a ple oc 5.c “% 

VP n/a oO oa «5 , at 


Me re — 90 Se. &§ on -« 


eo 5 0 = 
eo }) oo 
oc oo 
po sa 
“7 


t6.4Kn 2,7 st =e ao one a4 


wy | 


(F.C C78F wo ao° as a w 
| S$ bas styaorom 20 nofsrdrxase fa (oes 
PD ABASLY 8 vitgeend 8 3 Secidnwew oF oapaay I 4# 
f . sefetsiq. baioog watts) sxee evil ae 


VW, CLA, PAT PE! or 3 a By spor ee a (xu Ti ite eal = 


Figure 22 


(Right) Distribution of monocyte and B 
cell specific reactions, Of (G orodaiy: 
reactive sera (after pooled platelet 
absorption) with regard to the HLA-DRw 
antigens of panel members. Closed squares 
indicate positive and open squares negative. 
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Figure 23 (Right) This figure shows the distribu- 
of B and M specificities (after pooled 
platelet and CLL absorption) against 
panel members. DR typing of the panel 
members is also shown on the left hand 
Side. Closed squares indicate positive 
and open squares negative. The 
pattern of reactivity with regard to 
known HLA-DRw antigens suggests that 
serum RCL contains DRw4 plus some other 
specificity. The broad nature of M 
specificity in this serum is evident. 

(? Public M specificity or multiple 

M specificities) Serum SWE contains 

DRw4 and probably additional weak DRw 
specificity(s). Monocyte specificity in 
this serum appears to be more restricted 
than that of serum RCL. Serum SGR, MJU 
and G256 contain undefined DR specifici- 
ties and narrowly reacting M specificities. 
Serum 5018B shows only B specificity and 
no M specificity. 
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in 5 of these sera. DRw antigens of the panel members 
are shown to demonstrate the pattern of reactivity. 
Distribution of the pattern of reactivity with regard 
to known HLA-DRw antigens suggests that serum RCL 
contains DRw4 plus some other DRw specificity(s). The 
broad nature of M specificity is evident (? public M 
specificity or multiple M specific antibodies). Serum 
SWE contains DRw4 and probably an additional weak DRw 
specificity. The monocyte specificity appears to be 


more restricted than that of serum RCL. The other 


three sera SGR, MJU and G256 contain undefined DR spec- 


ificities in addition to the weaker M specificity. Serum 


5108 shows no M specificity. 


E. Prozone in ADCC against monocytes. 


Table 27 illustrates prozone phenomenon observed 


with three sera (RCL, SGR and G256) in ADCC against 


monocyte. This phenomenon was more frequently observed 


when monocytes are used as targets compared with B cells. 


F. Family segregation study. 


Initial screening of 6 families with serum RCL 


known to have monocyte specific antibodies showed reactivity 
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Table 27 Prozone in ADCC with monocytes 


RCL (PPLAB) SGR (PPLAB) G256 (PPLAB) 
Set Our OORT /A00 1/5 eo /On sk 20. PALO 1/20 
P 
N 
ih 
6 10 17 = 15 oy = 
Cc 
5.16 iy 7, 19 3 18 25 
if 
L 19 24 = 
S 


Note the negative or lower readings with lower dilutions 
of sera compared to higher dilutions - prozone 
phenomenon. 
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with both parents, hence segregation study could not 
be informative with RCL serum. 

Serum SWE was studied in the same six families; 
for 3 families both parents were positive and in one 
both parents were negative. Detailed studies were 
performed in the other two families, viz "FER" and 
SWE. 

I) CPE Retamilys study . 
As shown in Fig. 24, Terry, the father showed both 
M and B cell reactivity whereas Ruth, the mother, showed 
only M specificity. The father's HLA haplotypes were 
identified as Aj, B15 (a) and A»,Bw50 (b) and those of 


the mother, A3Bw50 (c) and Aw32B,4 (d). Children Brian 


and Laurie received "a" haplotype from the father and 
"co" haplotype from the mother. Both these children 
like the father, showed M and B reactivity. In contrast 


Bruce who received "b" haplotype from the father and "qd" 


from the mother showed only monocyte specific reactivity. 


This indicated that the haplotype "d" of the mother 
carried M specific reactivity which was inherited by 
Bruce with identical reaction. 


2) Family SWE. 


Serum SWE was studied in the family of the serum donor, 
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Figure 24 Segregation of M specificity of serum SWE 
(pooled platelet absorbed) by ADCC in 
tamriy “FER. "cece cext for interpretation. 
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Table 28 ADCC reactions of serum SWE-PPLAB with members of 
family "SWE"** 


Targets Specific Sl, release (%)* 


L/LOmmU ES? 


1. Clarence (father) M 38 43 + 
B 43 40 + 
mee Ann M ae 8 “5 
B 3 i - 
3. Edward M Ze 19 72 
B il O - 
4. Fred M 19 5 a 
B 5 3 = 
5a SLIVia M 34 35 + 
B 9 8 _ 
ary yikelata! M 10 6 ~ 
B 56 Bab: + 
ewer ACG? at) M 23 24 + 
B 36 26 eS 


* Specific 51,, release-of =10% was considered positive. 


** Clarence(father) and two children, John and Adrian showed 
B and M reactivity 
The other 4 children, Ann, Edward, Fred and Silvia showed 
M alone 


See Fig.25 for HLA-A,B,C and DRw antigens of SWE family members 
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a multiparous mother of 10 pregnancies. The serum 
had been found to have both B specific and M specific 
antibodies as described earlier (see page 80). Her 
HLA haplotypes were identified as A)BgDRw3 (c) and 
A2B15DRwe (d), and those of her husband Clarence as 
A|BgDRwy, (a) and A11B40DRweg (b) (see Fig.25 and Table 
28). The husband showed strong monocyte and B 
reactivity when tested with his wife Simone's serum 
(SWE). 

Two children, John and Adrian, who received the 
"a" haplotype from the father, showed both M and B 
reactivity though the former was weaker. The other four 
children Ed, Fred, Ann and Sylvia, who received the "b" 
haplotype from the father, expressed only monocyte 
specific reactivity but no B cell reactivity. These 
results indicated that the M specific reactivity was 
linked to the “b" haplotype of .the father. 

Simone's serum (SWE) is also known to have DRw4 
antibodies based on the observation at the 3rd North 
American Histocompatibility Workshop. Since monocytes 
also bear DR antigens Clarence, John and Adrian, all 


sharing the "a" haplotype bearing DRw4 specificity 


showed M and B cell reactivity with the mother Simone's 
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serum. It could be inferred from these observations that 
M specificity was linked to the "b" haplotype of the 


fathermmandiethe Bespeciticity~CDRy)7)» tocthe ya tshaplo- 


type - 


ran ai , af De uh 
aE aT nit citi af ha 


eo a ; ae 
0 (woe Pa 


IV. Discussion and Conclusions 
A. Discussion. 

Our study of monocyte specific antigens was 
stimulated by two observations. 

First, a group of antigens expressed specifically 
on endothelial cells and monocytes but not detectable 
on T or B lymphocytes aroused considerable interest 
Since recent reports from Stastny and associates (Moraes 
and Stastny 1977a,b). The antibodies could not be 
absorbed with platelets or B lymphocytes but were 
readily removed by absorption with monocytes or endo- 
thelial cells. Pre-treatment of these cells with anti- 
human B2-microglobulin blocked subsequent lysis by 
endothelial-monocyte (E-M) antibodies suggesting that 
these were associated with B2-microglobulin and were 
distinct from HLA-DR. It was further suggested on the 
basis of family studies that most but not all monocyte 
specific reactions segregated in linkage with HLA. 

Since vascular endothelium appears to be an im- 
portant target in renal allograft rejection, those newly 
defined endothelial antigens also present on monocytes 
have aroused special interest in view of their possible 
effect on transplant survival. Further discussion of 


possible biological significance of monocyte specific 
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antigens will follow later. 

The second reason that prompted our interest in 
monocyte specific antigens was the observation made by 
many investigators (van Rood et al,1975a,b, Bodmer et al, 
1976 and 1978) that, as a rule the reactivity of anti-DR 
sera is broader than corresponding Dw specificity. 

Since most routinely prepared B cell enriched preparations 
often contain variable number of monocytes, the extra- 
reactions in anti-DR sera could be due to the presence 

of monocyte specific antibodies. 

Our search for monocyte specific antibodies was 
started by screening 28 serum samples from post 
transplant patients collected during episodes of rejection, 
7 multiparous sera with known broad reactivity and 5 
SLE sera (Table 2). 

The presence of monocyte specific activity was 
detected in 32% of post transplant sera (9/28). 

However, only 7% (2 patients) had strong reactivity 
whereas the other 25% (7 patients) showed weak reactivity. 
The incidence of monocyte specific reactivity in multi- 
parous sera could not be assessed from this study as 

these sera were selected on the basis of known broad 


reactivity. All SLE sera were negative. 
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Higher frequency of occurrence of monocyte 
specific antibodies was reported by Stastny and 
associates (Moraes et al,1977) in 70 multiparous and 
40 post transplant sera (38% and 70% respectively). 
However, much lower frequency (1%) was observed by 
Crrectarel li Yet cade 61978) sina study tof} 35, sera, (.13.post 
transplant and 22 multiparous(?)). CDC technique by 
dye exclusion was used by Cicciarelli et al,whereas both 
CDC and FDA methods were employed by Stastny and assoc- 
iates. Our studies indicated that the ADCC technique 
was Significantly more sensitive than complement 
dependent methods (Fig,4). This technique was hence 
used for the analysis of serum reactivity and detection 
of antigenic specificities on separated subpopulations 
GfPPBL (i; BeandeM) gehroughout .our study ..-High sensitiv— 
ity of ADCC technique became particularly important in 
view of multiple absorptions that were necessary in 
preparation of sera for detection of monocyte specific 
antibodies (Fig.2). Repeated absorptions usually 
resulted in a significant dilution of the serum sample 
contributing to low sensitivity of complement dependent 
methods. 

The removal of anti HLA-A,B,C antibodies was 


achieved using pooled platelet absorption. Though 
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absorption with platelets of the required type would 
be more economical as to the number of platelets 
needed, use of pooled platelets (from 70-100 donors) 
was very efficient and convenient since large stocks of 
outdated platelets could be kept at 4°C and used as 
required. In our experiments sera had to be absorbed 
3-5 times to ensure complete removal of HLA-A,B,C anti- 
bodies. 

Since monocytes also bear DR antigens on their 
surface (Wernet 1976; Stastny,1978a, Drew et al,1978) 
removal of DR antibodies from the serum is important 
for detection of monocyte specific antigens. This could 
be achieved by absorption with chronic lymphatic 
leukaemia (CLL) cells or pooled B lymphocytes. CLL cells 
form a convenient source of B-enriched population since 
they have high lymphocyte counts of which 90% may have 
the Ia bearing characteristics of B lymphocytes. Thus 
an almost pure preparation of Ia bearing cells can be 
obtained without complicated separation needed for B 
lymphocytes (Bodmer, 1978; Gosset et al,1977). In our 
experiments two absorptions with 150 x 10° (GhIMceitsitwere 
required to remove the B specificity when specific CLL 


cells were used. 
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Several technical modifications were introduced 
in the process of our study which contributed to the 
purity of cell preparations and sensitivity and reprodu- 
cibility of the assay. 

E rosetting of PBL followed by sedimentation on 
F-H was used to separate the rosetted T cells from non- 
rosetted cells. Pre-treatment of SRBC with neuraminidase 
(Bach and Dardene, 1972, Weiner et al 1973) was found to 
be essential for stabilization of rosettes, thereby 
facilitating easy handling and increasing purity in pre- 
paration. . Our results of EB. rosetting of 67=7:7% in -21 
panel members is comparable to other reports (Kaplan 
et al 1976). The purity of T cells so separated was over 
90% (Table 4). Non-rosetted population showed only 
5-10% T cell contamination on re-rosetting. 

Non-rosetted cells were adhered on plastic surfaces 
for separation of monocytes (adherent) and B lymphocytes 
(non-adherent). The B-enriched population (11+3% of 
PBL) showed S.Ig positivity by immunofluorescence in 76% 
(Table 4). Monocyte enriched preparations in this study 
(8+3% of PBL) gave 86+6% positivity by acridine orange 
staining (Table 4). 

The problem of clumping of monocytes (when used as 


targets in ADCC) was largely overcome with the use of EDTA 
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in the suspending medium. With this modification the 
background readings were often less than 20%. 

As in other ADCC systems, pre-selection of 
donors with high effector cell activity was critical as 
otherwise false negatives resulted from poor killing of 
target cells. Adult males were preferred as effector 
cell donors since females and young children were re- 
ported to have low effector cell activity (Kovithavongs 
et al 1974a). 

Difference in uptake of Stor (Kovithavongs et al, 
1977) by monocytes, B cells and T cells (Table 7) did not 
interfere with the results of the assay since purified 
subpopulations of PBL were used as targets. It could be 
speculated that the Sler uptake was a function of the 
size of the cell itself, to explain the high uptake by 
monocytes over B and T lymphocytes. 

Twenty eight sera from transplant patients were 
obtained from frozen samples collected during periods of 
rejection. Of these, five patients were known to have 
broad HLA reactivity in CDC using dye exclusion method. 
Further analysis of the broad reactivity in these sera 
was possible with the use of ADCC as a sensitive method 
for detection of monocyte specificity. Two of these 5 


broadly reactive transplant sera showed monocyte specific 
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reaGervity LnvadditionvtoyBuspecificity.e Thecother 
three sera had only B specificity. 

Serum RCL was one of the sera that showed strong 
monocyte specific reactivity. This serum was obtained 


from a patient who had two previous transplants in the 


preceding 6 years and received several blood transfusions 


leading to broad tissue sensitization. Monocyte 


reactivity was examined one month after a third transplant 


from a pre-transplant CDC cross match negative cadaver 
donor. Post transplant period was not complicated by 
any clinical rejection episodes. This serum showed the 


presence of M and B specific reactivity against 14/27 


and 7/27 panel members respectively (Fig.5 and Table 13). 


Absorption with pooled B cells or CLL cells removed B 
cell specific reactivity sparing M specificity (Table 16 
and 17 and Fig.8) whereas absorption with pooled mono- 
cytes removed the M and B specificities confirming the 
presence of M specificity in this serum. 

Serum SGR from another transplant patient also 
showed strong monocyte specific reactivity. This serum 
was from a female patient two months after transplant- 


ation. Post transplant period was threatened by several 


episodes of rejection leading to graft loss subsequently. 


Serum SGR showed more predominant B cell specific 
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reactivity (13/29) than monocyte specific reactivity 
(6/29) (Table 14 and Fig.7). Monocyte specific 
reactivity appeared to be more restricted than that of 
RCL (4/29, serum after CLL absorption) (Table 18 and 
PUGRS ) 2 

Seven serum samples were obtained from multiparous 
women. They all showed broad reactivity when examined 
by ADCC against B and M subpopulations. However, mono- 
cyte specific activity was demonstrated in only 3 of 
them (Table 2). B specificity was more dominant in all 
sera except serum SWE which showed persistent M 
reactivity in 7/18 panel members after CLL absorption 
CBigii2dand = Table..20):% 

CLL absorption removed both M and B reactivity from 
serum 5108 indicating the B cell specificity of the 
serum 5108 without M specificity (Fig.20 and Table 26). 

The pattern of reactivity of 6 sera (2 transplant 
and 4 multiparous) after pooled platelet absorption and 
CLL absorption, against separated M and B cells of 21 
panel members is represented in Fig.23. Sera SGR, SWE, 
MJU and G256 showed relatively narrow range of M 
reactivity whereas RCL appeared to be considerably 
broader (Fig.21). This broad reactivity of the serum 


might indicate either the presence of multiple monocyte 
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specific antibodies or a public monocyte specificity. 
An attempt was made to clarify this question using 
absorption with monocytes of a single positive panel 
member. Complete removal of reactivity against the 
panel member as well as the rest of the panel members 
would-then “indicate a publicispecificity< In contrast 
persisting reactivity with some of the panel members 
would suggest multiple private monocyte specific anti- 
bodies. Results of this study was inconclusive since_ 
complete removal of the reactivity to the absorbing 
panel members' monocytes could not be achieved. This 
could have been due to the low yield of monocytes 
obtained from peripheral blood (8+3% of PBL). In this 
experiment the amount of monocytes obtained from 200 ml. 
of peripheral blood was not sufficient for complete 
absorption of 0.2 ml. of 4 diluted RCL serum. According 
to our calculations more than 500 ml. of whole blood 
would be necessary to absorb this amount of serum. 
Because of the difficulty in performing absorption ana- 
lysis of monocyte specific antisera, the question of the 
number of alleles controlling monocyte specific antigens 
can not be answered at the moment. None of the antisera 
so far analyzed, showed mutually exclusive (allelic) 


relationship. Further monocyte specific antisera should 
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be searched for and analysed before the answer to this 
question could be provided. 

The number of genetic loci involved in the 
control of monocyte specific antigens is also so far 
unknown. Stastny (1977) indicated, that most but not 
all monocyte specific reactions segregated in linkage 
with HLA. In his recent report (Stastny 1978) he 
suggested that antibodies to monocyte specific antigens 
could be directed against two kinds of surface products, 
one containing B2-microglobulin and the other without it. 
He also reported that reactions that are blocked by 
anti-B2-microglobulin can be shown to be inherited in 
linkage with HLA. 

We have attempted to analyze segregation of mono- 
cyte specific antigens in two informative families. 
Family studies with serum SWE (multiparous) were clearly 
indicative of M specificty linked to HLA haplotype. 
Linkage was demonstrated when serum SWE was studied 
within her family (Fig.25) as well as in another family 
("FER" family). The relatively narrow but strong 
specificity helped in clearly isolating this linkage to 
HLA haplotype. In contrast the HLA segregation of M 
specificity in RCL could not be defined since both 


parents' monocytes reacted with serum in all the six 
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families studied. This was probably related to the 
broad nature of M specific reactivity in serum RCL. 

Our results of family studies should be considered 
rather preliminary. These have demonstrated linkage 
between HLA and the locus controlling monocyte specific 
antigens (M-locus). To make any definite conclusion as 
to the position of this locus on chromosome 6 (inside or 
outside the HLA complex) it is essential to perform 
extensive studies in numerous families. It is especially 
important to include into this analysis the families 
with known HLA recombinants and perform studies of 
other 6 chromosomal markers in order to map M locus on 
chromosome 6. 

Although the biological role of monocyte specific 
antigens is not as yet clear it is conceivable that they 
Gould play san important rolewinsttransplant «survival. 
This assumption is based on the observation by Stastny 
(1977) that monocyte specific antigens are expressed on 
endothelial cells and on the well known fact that endo- 
thelial lining of blood vessels in a transplant is often 
a primary target for the attack by recipient's lymphocytes 
(Hirschbergand Thorsby, 1975). Using endothelial cells 
from umbilical cord veins and monocytes from cord blood 


Moraes and Stastny (1977a,b) demonstrated that these cells 
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share an antigenic moiety which is distinct from 
HLA-A,B,C and DR. 

The problem of biological significance of mono- 
cyte specific antigens in transplant survival could be 
approached in two ways. First, the typing for mono- 
cyte specific antigens could be done on donors and 
recipients and the degree of compatibility could be 
correlated with post transplant course. The pre-requisite 
for this approach is to have a battery of anti-monocyte 
sera detecting as many different specificities as possible. 
Also, the genetic control of monocyte specific antigens 
(number of loci,extendof polymorphism, extend of linkage 
with HLA) must be clarified first. 

The second approach would involve the analysis of 
anti-monocyte activity in pre-transplant (possible pre- 
sensitization) and post transplant sera (sequential 
study). The correlation between occurrence of anti- 
monocyte activity and graft function, if observed, might 
provide evidence as to the role of monocyte antigens in 
histocompatibility. However, a clear delineation of the 
role of monocyte antibodies to transplant rejection is 
possible only when it could be isolated from the 
deleterious effect of the other better defined antigens 


of the HLA complex. Antibodies to HLA-A,B,C loci has 
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been widely accepted as deleterious to transplant 
Survival whereas the critical role of DR antibodies 
is not clearly defined (Ettenger et al 1977; Silberman 
ec an 97s; Myburg and-“omith, 77 o,-routhanthiranet al, 
1978). The role of cell mediated tissue damage as 
examined by the lymphocyte mediated cytolysis (LMC) 
test has been shown to be associated with poor graft 
survival (Garovoy et al,1973; Grunnet et al,1975; Stiller 
em aie 76, “kKovithavongs et: alyel7ga) .Appideation of 
a battery of cell mediated and serological tests is 
important in deciding the outcome of the graft. 

In this study of 28 patients examined for monocyte 
specific antibodies during rejections, 9 patients showed 
their presence, 2 of which were strongly reactive. Of 
these 9 patients with M specificity two also had both 
cytotoxic HLA antibodies and LMC reactivity. Four patients 
had either cytotoxic HLA antibodies or positive LMC. 

Thus in all these 6 instances, the critical role of mono- 
cyte specific antibodies to graft rejection could not be 
separated from the deleterious role of cytotoxic HLA 
antibodies and cell mediated immunity (LMC). Another 3 
patients with monocyte specific reactivity had neither 
LMC nor HLA antibodies demonstrable. However, the M 


reactivity in all of them was only weak, and also one of 
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these patients subsequently had an excellent graft 
function at three years follow-up. 

Sstastnyi76l977)s1and Cerilii (1977) have both 
shown that the presence of endothelial antibodies 
following transplantation are associated with poor graft 
outcome. The former group has further demonstrated 
that monocyte and endothelial antigens are identical 
thus attributing..al critical,role to. .M.specific antibodies 
in transplant rejections. While the detection of 
endothelial antibodies in the absence of HLA-A,B,C 
antibodies was shown to be deletrious, they had not ex- 
cluded the pathogenetic role of cell mediated immunity 
(by LMC test) in those patients. Thus the critical 
contribution of monocyte specific antibodies to graft 


outcome needs further definition. 
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Be CONncLUusions. 

Following conclusions can be drawn from the 
studies in this thesis: 

1. Monocyte specific antibodies may be present in 
transplant and multiparous serum. This may probably 
reflect the repeated immunogenic challenge due to 
blood transfusions, organ transplantation and pregnancies. 

2. Compared to complement dependent methods ADCC 
is a more sensitive method in detecting monocyte specific 
antibodies. 

3. Extra reactions in B reactive sera may partly 
be due to the presence of monocyte specific antibodies, 
as most B-enriched preparations often contain variable 
numbers of monocytes. 

4. The biological significance of monocyte 
specific antibodies needs further clarification since 
the sera with strong monocyte specific reactivity also 
had cytotoxic HLA antibodies. 

5. Monocyte specificity may segregate with HLA 


haplotypes in families. 
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Appendix A. Schematic representation of the HLA supergene 


From: van Rood, J.J., van Leeuwen, A., Termijtelen and 
Keuning, J.0.. 6 Ccelleantibedies, Ia-like 
determinants and their relation to MLC determinants 
tienen transplant es keV.@¢30yide2 2, 1976. 
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Appendix B 


system - 1977 


Locus A 


Al 
A2 

A3 

Ag 

Al10 
All 
A25(10) 
A26(10) 
A28 
A29 
AW19 
AW23 (9) 
AW24 (9) 
AW30 
AW31 
AW32 
AW33 
AW34 
AW36 
AW43 


AW25 
AW26 


Locus B 


W4,4a 
W6,4b 


Previous 


Previous 


Locus B 


Bo 
B7 
B8 
pr 


Previous 


BW1L5 
BW1L7 


BW37 
BwW40 


B12(notTT*) 
TT* 

HS, SIN2 
407*, M066, 
CAS, BW40C 
UKSO, dA, 
BW40.3 
BW21.1, 
SL-ET 
BW21.2, 
B5.1 
B5.2 
HR 
BW224,SAP1 
SNU oe 


Bae 


Nomenclature for factors of the HLA 


Locus C Previous 


CWl 
CW2 
CW3 
Cw4 
CW5 
CW6 


Locus 


DWL 
DW2 
DW3 
DWw4 
DW5 
DW6 
DW7 
pws 
DW9 
DW1LO 
DW1L1 


DRWL 
DRW2 
DRW3 
DRW4 
DRWS 
DRW6 


DRW7 


By W.H.O. Committee on leukocyte nomenclature. 
The broad specificities are shown in parentheses following 
particular splits. Based on Histocompatibility Testing 1977. 


Bodmer W.F. 


(ed) Munksgaard, Copenhagen. 


D 


DR 


Locus 


AB; 


Previous 


LD107 
LD108 
Hushe pO]! 
LD16 
LD17 


Previous 


(work- 
shop) 


WIAI, 
Teo 
WIA2, 
Te4 
WIA3, 
Te5 
WIA4, 
erica 
WIA5, 
Te5.2 
WIA6, 
TelO 
WIA7, 
Te3 
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Appendix C Patterns of cross-reaction among DR 
antigens 


DRW1 ot 
ee: DRW6 DRW 3 
Scie ee 
DRW i 
- ain a 
DRW7 DRWS 
(WIA 8) 


———__—_ 


ican LLGaes ~.beSpeCipiuveny 


decreastng extents of cross-reaction 


From: Bodmer (1978) Ia serology. 10. Summary and 
Conclusions. Histocompatibility Testing 
1977, p.351, Bodmer W.F. (ed) Munksgaard, 
Copenhagen. 
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Appendix D Comparison of the major histocompati- 
bility complex in mouse and man. 


Brom. Seach, nr. 7 anaevan, Rood, J.J. (1976) the 
Major Histocompatibility Complex - Genetics 
ana Biology... "New Eng. J. Med. 295,807. 
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Appendix E> 


1593 


Demonstration of surface Ig on B lymphocyte 
using fluorescent antisera directed against 


Ig molecules on the-cell surface (see page 
Si 


Appendix F 


Acridine orange staining of monocytes. Note 
the bright orange staining granules in 
cytoplasm and pale green coloured character- 
istic large nucleus (see page 37). 
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